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LIGANDS 

Field of the Invention 

The present invention relates to an endogenous ligand for an orphan G protein 
coupled receptor and to associated methods^ uses, agents, compositions and kits. 

Backgronnd to the Invention 

Chemokines acting through their cognate receptors are critical for the 
recruitment of effector immime cells to inflamed tissues, and are liierefore of 
considerable interest as potential targets for the treatment of inflammatory disease. 
CCRL2 (aiso known as HCR, CRAM-A and CRAM-B) encodes an orphan 
chemokine receptor-like protein, which is predicted to be a seven transmembrane 
protein. G protein coupled receptors (GPCRs) are a family of approximately 500 
proteins wiA a 7 transmembrane structure that transduce cellular signals of a variety 
of biological mediators. The interaction of a GPCR and its Ugand causes a 
conformational change in the protein and fecilitates the binding of small associated 
heterotrimeric G proteins to the intracellular receptor domains, which initiate a 
signalling cascade. GPCRs are cell surface receptors and therefore are attractive 
targets for pharmacological intervention. CCRL2 is expressed at high levels in 
primary neutrophils and primary monocytes, and is &rther upregulated on neutrophil 
activation and when monocytes differentiate to macrophages. However, the 
importance of CCRL2 in human inflanamatory disease has not been investigated. 

Summarv of the Invention 

The present inventors have identified macrophage inflammatory protein-4 
(MIP-4; also known as DC-CKI, CCL18 and PARC) as an endogenous ligand for 
CCRL2. 

Accordingly, the present invention provides a method of detecting an agent 
that modulates the activity of CCRL2, the method comprising: 

(a) contacting a CCRL2 polypeptide with a macrophage inflammatory 
protein-4 (MIP-4) polypeptide in the presence of a candidate agent under conditions, 
which in tiie absence of the test agent, permit the binding of the MIP-4 polypeptide 
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to the CCRL2 polypeptide; and 

(b) de termining whether the candidate agent is capable of modulating the 
interaction between said CCRL2 polypeptide and said MIP-4 polypeptide. 
The present invention further provides: 
S - an agent detected by a method of the mvention; 

a method of modulating the activating of a CCRL2 polypeptide in a 
cell, the method comprising delivering an agent according to the invention to the 
ceU; 

a pharmaceutical composition comprising an agent according to the 
10 invention and a pharmaceutically acceptable carrier or diluent; 

a method for treating an inflammatory disease or disorder iu an 
individual, the method comprising administering a therapeutically effective amount 
of an agent according to the invention or a pharmaceutical composition according to 
the invention to the individual; 
15 - . . a method for treating a disease or disorder associated with enhanced 

macrophage activity in an individual, the method comprising administering a 
therapeutically effective amount of an agent according to the invention or a 
pharmaceutical composition according to the invention to the individual; 

an agent according to the invention or a pharmaceutical composition 
20 according to the invention for use in a method of treatment of a himaan or animal 
body or therapy; 

use of an agent according to the invention in the manufacture of a 
medicament for the treatment of an inflammatory disease or disorder; 

use of an agent according to the invention in the manufacture of a 
25 medicament for the treatment of a disease or disorder associated with enhanced 
macrophage activity; 

a method of activating a CCRL2 signalling pathway in a cell, the 
method comprising delivering, to the cell, a polypeptide comprising: 
(a) the MIP-4 sequence shown in SEQ ID NO: 6; or 
30 (b) a sequence at least 50% identical to SEQ ID NO: 6 and which binds to 

and activates a signalling activity of CCRL2; 



or a fiagment of SEQ ID NO: 6 which binds to and activates a signalling activity of 
CCRL2; 

use of a polypeptide comprising: 

(a) the MIP-4 sequence shown in SEQ ID NO: 6; or 

(b) a sequence at least 50% identical to SEQ ID NO: 6 and which binds to 
and activates a signalling activity of CCRL2; or 

(c) a fragment of SEQ ID NO: 6 which binds to and activates a signalling 
activity of CCRL2; 

a polynucleotide encoding any of said polypeptides or said fi:agments or an 
antibody specific for any of said polypeptides or said fi:agments; for the manu&cture 
of a medicament for treating a CCRL2-related disease or disord^, 
use of a polypeptide comprising: 

(a) tiie CCRL2 sequence shown in SEQ ID NO: 2 or 4; or 

(b) a sequence which is at least 80% identical to SEQ ID NO: 2 or 4 over 
its entire length and functionally equivalent to CCRL2; or 

(c) a fragment of SEQ ID NO: 2 or 4 which is functionally equivalent to 
CCKL2, 

a polynucleotide encoding any of said polypeptides, or an antibody which 
binds to any of said polypeptides; for the manufacture of a medicament for treating a 
MIP-4-related disease or disorder; 

a method of diagnosing a CCRL2-related disease or disorder in an 
individual, flie method comprising: 

(a) carrying out an amplification reaction on a sample isolated firom the 
individual using primers specific for a polynucleotide encoding a MIP-4 polypeptide; 
and 

(b) determining the presence or absence of a polynucleotide encoding a 
MIP-4 polypeptide in the sample and thereby determining the presence of a CCRL2- 
related disease or disorder in the individual; 

a method of diagnosing a CCRL2-related disease or disorder in an 
individual, the method comprising: 

(a) amplifying a polynucleotide encoding a MIP-4 polypeptide, using a 
nucleic acid isolated firom the individual; and 
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(b) detennming whelJier flie polynucleotide comprises a polymorphism 
associated with a CCRL2 related disease or disorder, and 

(c) determining on the basis of said comparison whe&er Ihe 
polynucleotide comprises a polymorphism associated with a CCRLZ-ielated disease 
or disorder. 

a method of diagnosing a CCRL2-related disease or disorder in an 

individual, the method comprising^ 

(a) contacting a sample isolated from flie individual comprising a CCRL2 
polypeptide with a MIP-4 polypeptide under conditions which permit Ihe binding of 
Ihe MIP-4 polypeptide to the CCRL2 polypeptide; 

(b) measuring the activity of the CCRL2 polypeptide; and 

(a) comparing the activity of the CCRL2 polypeptide with a standard, 
wherein a difference in the activity relative to flie standard is indicative of the 
presence of a CCRL2-related disease or disorder in the individual; 

a kit for detecting an agent fliat modulates the activity of CCRL2, flie 
kit comprising: (i) a CCRL2 polypeptide or a polynucleotide encoding a CCRL2 
polypq)tide. 

Description of the sequences mentioned herein 

SEQ ID NO: 1 shows the polynucleotide that encodes the long form of human 

CCRL2 (CRAM-A). 

SEQ ID NO: 2 shows the amino acid sequence of tiie long form of human 

CCRL2 (CRAM-A). 

SEQ ID NO: 3 shows tiie polynucleotide that encodes flie short form of 

human CCRL2 (CRAM-B). 

SEQ ID NO: 4 shows fbe amino acid sequence of flie short form of human 

CCRL2 (CRAM-B). 

SEQ ID NO: 5 shows flie polynucleotide fliat encodes human MIP-4. 
SEQ ID NO: 6 shows flie amino acid sequence of human MIP-4. 

Brief Description nf the Drawings 

Figure 1 shows LaoZ activity in G-protein tiansplant yeast cells in flie 

presence and absence of MIP-4. LacZ activity is expressed per 10* cells. 



Figure 2 shows the LacZ activity in Gi3 transplant yeast cells at varying 
concentrations of MIP-4. LacZ activity is expressed per 10^ cells. 

Figure 3 shows the LacZ activity in the G-protein transplant yeast cells 
e>q>ressing the Corticotrophin Releasing Factor Receptor (CRFR). LacZ activity is 
5 expressed per 10^ cells. 

Figure 4 is a flow diagram setting out the steps of a computed-implemented 
method of diagnosing a CCRL2-related disease or disorder in an individual. 

Figure S is a flow diagram settmg out the steps of a computed-implemented 
method of diagnosing a MIP-4-related disease or disorder in an individual. 
10 Figure 6 is a bar graph illustrating the chemotaxis of CCRL2 transfected 

CHO cells in the presence of various chemoldnes. 

Detailed Description of the Invention 

It is to be understood that different applications of the disclosed methods noay 
IS be tailored to the specific needs in the art It is also to be understood that the 

terminology used herein is for the purpose of describing particular embodiments of 

the invention only, and is not intended to be limiting. 

In addition as used in this specification and the appended claims, the singular 

forms "a", "an", and **the" include plural referents imless the content clearly dictates 
20 otherwise. Thus, for example, reference to "a polypeptide" includes a mixture of two 

or more such polypeptides, reference to "a cell" includes two or more such cells, and 

the like. 

All publications, patents and patent applications cited herein, whether supra 
or in&a, are hereby incorporated by reference in ttteir entirety. 

25 

Screening for agents that modulate the activity of CCRL2 

The invention provides a method of detecting a candidate agent that 
modulates the activity of CCRL2. The term '^modulate" includes any of the ways 
mentioned herein in which the agent of the invention is able to modulate CCRL2. 
30 This includes upregulation or downregulation of CCRL2 expression, upregulation or 
downregulation of CCRL2 degradation, stimulation or inhibition of CCRL2 receptor 
activity, including potentiation of CCRL2 activity ui response to a MIP-4 



polypeptide. TTie abflily of a candidate agent to modulate the activity or eqpression 
of CCRL2 may be detennined by contacting a CCRL2 polypeptide wiUi flie agpnt 
under conditions that, in the absence of the candidate agent, permit activity or 
expression of CCRL2, for example in the presence of aMIP-4 polypeptide, and 
comparing CCRL2 activity in the presence and absence of tbe candidate agent 
Preferably, the modulation is a correction of aberrant CCRI^ activity or expression. 
CCRL2 activity is typically activation of a G-protein mediated signalling pathway. 
The G-protein may be any G-protein Ihat is coupled to flie CCRL2 polypeptide. 
Preferably flie G-protein is Gi3. 

The methods of detecting an agent that modulates the activity of a CCRL2 
polypeptide may be carried out in vitro (inside or outside a cell) or w vruo. In one 
embodiment the methods are carried out in or on a cell. ceU culture or cefl extract 
which comprises a CCRL2 polypeptide or expresses a CCRI^ polynucleotide. The 
cell may be one in which the CCRL2 polypeptide is naturally expressed, such as an 
endoflielial cell. Alternatively, the cell may be a cell tiiat is transformed wife a 
CCRL2 polynucleotide and expresses a CCRL2 polypeptide. Suitable cells include 
transient, or preferably stable higher eukaiyotic cell lines, su<* as mammalian cells 
or insect cells, lower eukaryotic cells, such as yeast, or prokaryotic cells such as 
bacterial cells. Particular examples of cell lines include mammalian HEK293T, 
CHO, HeLa and COS cells. Preferably the cell line selected will be one which is not 
only stable, but also allows for mature glycosylation of a polypeptide. Expression of 
a CCRL2 polypeptide may also be achieved in transformed oocytes. 

In another embodunent, the methods are carried out m or on a liposome 
comprising a CCRL2 polypeptide. Methods for the preparation of Uposomes are 
well known in the art (Woodle and Papahadjopoulos, Metiiods Enzymol., 1989; 171: 
193-217). 

In a furflier embodiment, the methods are carried out in or on virus-induced 
budding membranes comprising a CCRL2 polypeptide. Methods for tiie preparation 
of virus-induced budding membranes are well known in tiie art (for example, Luan et 
aL, Biochemistry, 1995; 34(31): 9874-9883). Viruses may be used to induce budding 
in cells e3q)fessmg a CCRL2 polypeptide naturally or cells transformed (ttansfected) 
with a CCRL2 polynucleotide. 



In a further embodiment the methods are carried out in or on artificial lipid 
bilayers. Methods for the preparation of artificial lipid bilayers are well known in the 
art (Sackmann and Tanaka, Trends BiotechnoL, 2000; 18: 58-64; and Karlsson and 
Lofas, Anal. Biochem., 2002; 300: 132-138). A CCRL2 polypeptide may be 
integrated into the artificial mraibrane when the membrane is febricated. 

In a yet further embodiment, the methods are carried out in or on a membrane 
firaction comprising tiie CCRL2 polypeptide. A membrane fraction is a preparation 
of cellular lipid membranes in which some, for example at least 5% or 10%, of the 
non-membrane-associated elements have been removed. Membrane-associated 
elements are cellular constituents that are integrated into the lipid membrane or 
cellular constituents physically associated with a component integrated into the lipid 
membrane. Methods for the preparation of cellular membrane fractions are well 
known in the art (for example, Hubbard and Cohn, 1975, J. Cell. Biol., 64; 461-479). 
A membrane fraction comprising ttie CCRL2 polypeptide may be prepared firam 
cells expressing a CCRL2 polypeptide naturally or cell transformed (Iransfected) 
witii a CCRL2 polynucleotide. Alternatively, a CCRL2 polypeptide may be 
integrated into a membrane preparation by dilution of a detergent solution of the 
CCRL2 polypeptide (for example, Salamon et al., 1996, Biophys. J., 71: 283-294). 

The methods for identifying an agent that modulates Ihe activity of a CCRL2 
polypeptide are carried out using a candidate agent The method typically comprises 
using one or more candidate agents, for example 1, 2, 3, 4, 5, 10, 15, 20 or 30 or 
more candidate agents. A candidate agent is a candidate compound being evaluated 
for the ability to modulate the activity of CCRL2 by the methods of the invention. 
Candidate agents can be natural or synthetic compounds, including, for example, 
small molecules, compounds contained in extmcts of animal, plant, bacterial or 
fungal cells, as well as conditioned medium from such cells. Suitable candidate 
agents which may be tested in the above screening methods include antibody agents 
(for example, monoclonal and polyclonal antibodies, single chain antibodies, 
chimeric antibodies and CDR-grafted antibodies) or aptamer agents. The antibody 
agent may have binding affinity for the CCRL2 receptor or for a MIP-4 polypeptide. 
Furthermore, combinatorial libraries, defined chemical identities, peptide and peptide 
mimetics, oligonucleotides and natural agent libraries, such as display libraries (e.g. 
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phage display Kbraries) may also be tested. Oligonucleotide libraries, such as 
aptamer libraries may be tested. 

The candidate agents may be chemical compounds, which are typically 
derived from synthesis around small molecules which may have any of the properties 
of the MIP-4 polypeptide. 

The candidate agent may be derived from or contained in an environmental 
sample, a natural extract of animal, insect, marine organism, plant, yeast or bacterial 
cells or tissues, a clinical sample, a synthetic sample, or a conditioned medium from 
recombinant cells or a feraientation process. The candidate agent may also be 
derived from or contamed in a tissue sample which comprises a body fluid and/or 
cells of an individual and may, for example, be obtained using a swab, such as a 
mouth swab. The candidate agent may be derived from or contained in a blood, 
urine, saliva, skin, cheek cell or hair root sample. 

Batches of the candidate agents may be used in an initial screen of, for 
example, ten candidate agents per reaction, and the candidate agents of batches 
which show modulation tested individually. Where a batch of agents shows CCRL2 
modulatory activity the test agents may be tested in smaller batched or individually 
to identify the agent having modulatory activity. 

Preferred candidate agents are polypeptides, antibodies or antigen-bindrag 
fragments fliereof, lipids, carbohydrates, nucleic acids and chemical compounds. 

The methods of the mvention detect agents that modulate the activity of a 
CCRL2 polypeptide by determining or assaying the effect of a candidate agent on an 
activity of the CCRL2 polypeptide such as ligand binding, signalling activity or 
chemotactic activity. The methods of the invention are carried out under conditions 
which, in the absence of ttie candidate agent, permit the binding of a MIP-4 
polypeptide to a CCRL2 polypeptide. These conditions are, for example, the 
temperature, salt concentration, pH and protem concentration under which a MIP-4 
polypeptide binds to a CCRL2 polypeptide. Exact binding conditions will vary 
depending upon the nature of the assay, for example, whether the assay uses viable 
cells or only membrane fraction of cells. However, because CCRL2 is a cell surface 
receptor and MIP-4 polypeptides are secreted polypeptides that interact with the 
extracellular domain of CCRL2, preferred conditions wiU generally include 



physiological salt concentration (approximately 90 mM) and pH (about 7.0 to 8.0)- 
Temperatures for binding may vary from 4°C to 37°C, but is preferably 4°C. The 
concentration of reactants in the binding assay will also vaiy, but will preferably be 
from about 0.1 pM to about 10 ^iM. 

In one embodiment of the invention, the effect of the test sample on the 
bmdmg of the CCRL2 polypeptide to a MIP-4 polypeptide is monitored. Any 
suitable binding assay format can be used to monitor binding and detect any effect 
The effect may be measured as a decrease in the binding between a MIP-4 
polypeptide and a CCRL2 polypeptide. A decrease of at least 10%, at least 20%, at 
least 30%, at least 40%, at least 50%, at least 60%, at least 70% or at least 80% in the 
binding between a MIP-4 polypeptide and a CCRL2 polypeptide measured in any 
given assay indicates that the candidate agent modulates the activity of CCRL2. 

Preferred assays for monitoring any candidate agent-induced changes in the 
binding between a MIP-4 polypeptide and a CCRL2 polypeptide mclude label 
displacement, surface plasmon resonance, fluorescence resonance energy transfer, 
fluorescence quenching, fluorescence polarization and radioUgand binding assays. 

Label displacement involves contacting a CCRL2 polypeptide with a 
detectably labelled MIP-4 polypeptide in the presence or absence of increasing 
concentrations of a candidate agent To calibrate the assay, control competition 
reactions using mcreasing concentrations of an unlabelled MIP-4 polypeptide may be 
carried out After contact, bound, labelled MIP-4 polypeptide is measured using a 
method appropriate for the given label (for example scintillation counting, enzyme 
assay or fluorescence). Preferred labels include radioisotopes such as tritium or 
iodine or any other suitable radionucleotide. Candidate agents are considered to bind 
specifically to a CCRL2 polypeptide if they displace 50% of labelled MIP-4 
polypeptide at a concentration of lOpM or less (EC50 is lOpM or less). 

Surface plasmon resonance measures binding between the two molecules by 
the change in mass near an immobilized sensor caused by the binding or loss of 
binding of a MIP-4 polypeptide to a CCRL2 polypeptide immobilized in a membrane 
on the sensor. The change in mass is measured as resonance units versus time after 
injection or removal of the Ugand or candidate agent and is measured using a Biacore 
Biosensor (Biacore AB). A CCRL2 polypeptide may be immobilized on a sensor 
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chip in a fliin film lipid membrane according to methods described (Salamon et aL, 
1996, Biophys J. 71 : 283-294). Generally, a candidate agent miay be administered to 
a MIP-4 polypeptide pre-boimd to an immobilized CCiUL2 polypeptide and 
displacement of tbe Ugand measured. Altematively, a MIP-4 polypeptide may be 
administered to a candidate agent pre-bound to an immobilized CCRL2 polypeptide. 

Fluorescence resonance energy transfer (FKET) is a quantum mechanical 
phenomenon that occurs between a fluorescence donor (D) and a fluorescence 
acceptor (A) in close proximity to each other if Ihe emission spectrum of D overlaps 
with the excitation spectrum of A. Generally, the MIP-4 polypeptide and the CCRL2 
polypeptide are labelled with a complementary pair of donor and acceptor 
fluorophores. The fluorescence emitted upon excitation of the donor fluorophore 
will have a different wavelength when the MIP-4 polypeptide and CCRL2 
polypeptide are bound than when they are not bound. Quantitation of bound versus 
unbound polypeptides can be carried out by measurement of emission intensity at 
each wavelengflL Donor. Acceptor pairs of fluorophores with which to label Ihe 
polypeptides are weU known in the art Preferred fluorophores are Cyan Fluorescent 
Protein (CFP, Donor) and Yellow Fluorescent Protein (YFP, Acceptor). 

Fluorescence quenching involves labelling one molecule of the binding pair 
(MIP-4 polypeptide and CCRL2 polypeptide) with a fluorophore while labeUing the 
other with a molecule that quenches the fluorescence of the fluorophore when the 
pair bind. A change in fluorescence upon excitation may be used to measure a 
change in the binding between the MIP-4 polypeptide and CCRI:2. An increase m 
fluorescence suggests that the binding between the MIP-4 polypeptide and CCKL2 
polypeptide is decreased. 

Fluorescence polarization measures the polarization of a fluorescently- 
labelled MIP-4 polypeptide. The fluorescence polarization value for a fluorescenfly- 
labelled MIP-4 polypeptide will change, and generally increase, when the ligand 
binds to a CCRL2 polypeptide. A decrease in the polarization value is typically 
indicative of a decrease in binding between the MIP-4 polypeptide and CCRL2 
polypeptide. Fluorescence polarization is preferable when the candidate agent is a 
small molecule. 
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Large scale, high throughput screening of small candidate agCTts or libraries 
of such agents may be screened using biosensor assays. ICS biosensors have been 
described by AMBRI (Australian Membrane Biotechnology Research Institute; 
http//www,ambri.com.au/). The binding of a ligand for CCRL2 to CCRL2 is 
S coupled to the closing of gramacidin-facilitated ion channels in a membrane bilayer 
of the biosensors. As a result, the biosensor may measure binding between the MIP- 
4 polypeptide and CCRL2 polypeptide and therefore any changes in binding upon 
introduction of a candidate agent 

Agents that interfere with or displace binding of a MIP-4 polypeptide from a 

10 CCRL2 polypeptide may be agonists, partial agonists, antagonists or inverse agonists 
of CCRL2 activity. Functional analysis can be performed on agents identified 
according to the invention to determine whether Ihey are an agonist, partial agonist, 
antagonist or inverse agonist. For agonist screening, a CCRL2 polypeptide is 
contacted with agent and the signalling activity of CCRL2 measured as described 

15 below. An agonist or partial agonist will have a maximal activity corresponding to at . 
least 10% of the maximal activity of a MIP-4 polypeptide. The agonist or partial 
agonist will preferably have 50%, 75%, 100% activity of the MIP-4 polypeptide or 2- 
fold, 5-fold, 10-fold or more activity than a MIP-4 polypeptide. For antagonist or 
inverse agonist screening, CCRL2 polypeptides are assayed for signalling activity in 

20 the presence of a MIP-4 polypeptide, with or without a candidate compound. 

Antagonists or inverse agonists will reduce the level of ligand-stimulated receptor 
activity by at least 10%, compared to reactions lacking the antagonist or inverse 
agonist. For inverse agonist screening, constitutive CCRL2 activity is assayed in the 
presence and absence of a candidate compound. Inverse agonists are compoimds that 

25 reduce the constitutive activity of the receptor by at least 10%. Constitutive activity 
of a CCRL2 polypeptide may be achieved by overexpression by placing, for 
example, placing it under the control of a strong constitutive promoter such as the 
CMV early promoter. Alternatively, constitutive activity may be achieved by certain 
mutations of conserved G-protein coupled receptor amino acids or amino acid 

30 domains (for example, Kjelsberg et al., 1992, J. Biol. Chem. 267:1430-1430; Ren et 
al, 1993, J. Biol. Chem. 268:16483-16487; and Samama etal, 1993, J. Biol. Chem 
268:4625-4636). 
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In another embodiment of the invention, the effect of a test sample on the 
signalling activity of a CCRL2 polyp^tide is monitored. The signalling activity of 
CCRL2 is induced by a MIP-4 polypeptide. Any suitable signalling assay format 
may be used for monitoring signalling activity and detecting any effect The effect 
may be measured as a change in the MIP-4 polypeptide-induced signalling activity of 
CCRL2. A change refers to an increase or a decrease in the signalling activity. A 
change of at least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 
60%, at least 70% or at least 80% in the signalling activity a CCRL2 polypeptide 
measured in any given assay indicates that the candidate agent modulates the activity 
of CCRL2. 

The signalling activity of a CCLR2 polypeptide may be monitored by 
measuring the level of activation of a G protein by the CCLR2 polypeptide. The 
level of activation of a G protein by CCRL2 may be monitored by measuring the 
turnover of guanosine derivatives, ttie activity of guanosine triphosphatase (GTPase) 
or level of downstream second messenger molecules. Guanosine derivatives are 
involved in the cycHc reaction of activation and inactivatidn of G proteins include 
guanosine diphospahte (GDP) and guanosine triphosphate (GTP). Second messenger 
molecules are generated or caused to alter in concentration by the activation of a G 
protein. Examples include but are not limited to cyclic adenine monophosphate 
(cAMP), cyclic guanosine monophosphate (cGMP), diacylglycerol (DAG), inositol 
triphosphate (IP3) and intracellular calcium. 

Preferred methods of monitoring signalling activity include measxmng 
guanosine nucleotide binding, GTPase activity, adenylate cyclase activity, cAMP, 
Protein Kinase C activity, phosphatidylinositol breakdown, diacylglycerol, mositol 
triphosphate, intracellular calcium, MAP kmase activity and reporter gene 
expression. In all assays, potential non-specific effects of the candidate agent may be 
excluded by carrying out control assays using cells or membranes that do not 
comprise a.CCRL2 polypeptide. 

Preferably, the signalling activity of the CCRL2 polypeptide is monitored by 
measuring the activity of Gi3. 

GTP binds to membrane-associated G proteins upon activation by a receptor 
such as a CCRL2 polypeptide. CCRL2 signalling activity may therefore be assayed 
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by measuring the binding of GTP to cell membranes containing receptors (Traynor 
andNahorski, 1995, Mol. Pharmacol. 47: 848-854). Generally, GTP is labelled with 
a suitable detectable moiety and measured by an appropriate detection sj^stem. 
G proteins comprise a GTPase which hydrolyses GTP to form GDP and 
5 inactivates the G proteiiL GTPase activity is therefore a measure of G protein and 
therefore CCRL2 activity. GTPase activity may be measured by methods cormnon 
in the art Generally, the method involves incubating the membranes containing a 
CCRL2 polypeptide with yP-GTP. Active.GTPase will release the label as inorganic 
phosphate which may be detected by scintillation counting. 

10 Another preferred method of monitoring signalling activity is measuring 

adenylate cyclase activity (Solomon et al,^ 1974, Anal. Biochem, 58: 541-548; and 
Kenimer Sc Nirenberg, 1981, Mol. Pharmacol. 20: 585-591). The assay may involve 
the use of labelled cAMP to estimate the activity of the adenylate cyclase enzyme in 
protein homogenates from cells or membrane comprising a CCRL2 polypeptide. 

15 A yet further preferred method of monitoring signalling activity is the 

measurement of intracellular cAMP. This may be done using a cAMP 
radioimmunoassay (RIA) or cAMP binding proteins according to methods known in 
the art (Horton & Baxendale, 1995, Methods Mol. Biol. 41: 91-105). Intracellular 
cAMP may be measured using a number of commercially available kits including the 

20 High Efficiency Fluorescence Polarization-based homogeneous assay (LJL 
Biosystems and NEN Life Science Products). 

Yet further preferred methods of monitoring signalling activity measure 
receptor induced breakdown of phospholipids (especially phosphatidylinositol) to 
generate the second messengers DAG and/or IP3. Methods of measuring each of 

25 these are well known in the art (for example, Phospholipid Signaling Protocols, 

edited by Ian M. Bird. Totowa, N.J., Humana Press, 1 998; and Rudolph et al , 1999, 
J. Biol. Chem. 274: 11824-11831). 

A yet further preferred method of monitoring signalling activity measures 
receptor induced Protein Kinase C (PKC) activity. DAG activates PKC which 

30 phosphorylates many target proteins and ultimately results in the transcription of an 
airay of proto-oncogene transcription fector-encoding genes, including c-fos, c-myc 
and c-jun, proteases; protease inhibitors, including coUagenase type I and 
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plasminogen activator inhibitor, and adhesion molecules, including intracellular 
adhesion molecule I aCAM I). The activity of PKC may be measuresd direcfly by 
measuring phosphorylation of a substrate peptide, Ac-FKKSFKL-1SIH2, which 
derived from the myristoylated alanine-rich protein kinase C substrate protein 
(MARCKS)(Kikkawaera/:.1982, J.BioLChem. 257: 13341-13348). Assays 
designed to detect increases in gene products induced by PKC can be used to monitor 
PKC activation and thereby receptor activity. In addition, the activity of a receptor 
that activates PKC can be monitored through tiie use of reporter gene constructs 
driven by the control sequences of genes activated by PKC activation (see below). 

Another preferred method for monitoring signalling activity measures MAP 
kinase activity. Several kits are commercially available, mcluding the p38 MAP 
Kinase assay kit (New England Biolabs (Cat #9820)) and tiie FlashPlateCTM) MAP 
Kinase assay (Perkin-Elmer Life Sciaices). 

Another preferred method for monitoring signalling activity is tiie 
measurement of intracellular calcium. Various metiiods of measuring mttacellular 
calcium are well known in the art (Demaurex et al., Mettu Cell. Biol., 2002; 70: 453- 
474). Several kits are commercially available for measuring intracellular calcium 
including the FBLPR assay kits (Biocompare, Inc.). One preferred metiiod of 
measuring intiacellular calcium is the aequorin assay. Mitochondrial apoaequorin is 
a bioluminescent protein that is responsive to intracellular calcium ion release 
resulting from tiie activation of GPCRs such as CCRL2 (Stables et al., 1997, AnaL 
Biochem. 252:115-126; and Detiieux et al., 2000, J. Exp. Med., 192 1501-1508). 
Generally, cells expressing a CCRL2 polypeptide are transfected to coexpress 
mitochondrial apoaequorin and Gal 6. Any compound tiiat activates the CCRL2 
polypeptide, such as a MIP-4 polypeptide, will cause intracellular calcium release 
and result in a Ught emission tiiat may be measured. A second preferred mefliod of 
measuring intracellular calcium is flie Fura-2 assay (Molecular Probes, Eugene, OR 
USA). 

Oflier preferred metiiods of monitoring signalling activity measure changes in 
the transcription or translation of one or more genes. Generally, assays measure the 
expression of a reporter gene driven by control sequences, sucb as promoters and 
transcription-fector binding sites, responsive to receptor activation. Cells tiiat 
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comprise a CCRI^ polypeptide may be stably transfected with a reporter gene 
construct containing appropriate control sequences. Assays tend to involve 
measuring the response of "immediate early" genes which may be rapidly induced, 
possibly within minutes, of receptor activation. Suitable reporter genes include, but 
are not lunited to, luciferase, CAT, GFP, p-lactamase or P-galactosidase. An 
example of a control sequence that may be used in a reporter gene assay are those of 
the c-fos gene. The induction of c-fos expression is extremely rapid, often within 
minutes, of receptor activation. The c-fos regulatory elements are well known in the 
art (Verma et al, 1987, Cell 51: 513-514). A further example of a control sequence 
tiiat may be used in a reporter gene assay are those recognised by CREB (cyclic 
AMP responsive element binding protein). Other examples of control sequences fliat 
may be used in a reporter gene assay include, but are not limited to, the vasoactive ■ 
intestinal peptide (VIP) gene promoter (Fink et al, 1988, Proc. Natl. Acad. Sci. 
85:6662-6666); the somatostatin gene promoter (Montminy et al, 1986, Proc. Natl. 
Acad. Sci. 83:6682-6686); the proenkephalin promoter (Comb et aL, 1986, Nature 
323:353-356); the phosphoenolpyruvate carboxy-kinase (PEPCK) gene promoter 
(Short et al, 1986, J. Biol. Chem. 261:9721-9726); and transcriptional control 
elements responsive to the AP-1 transcription factor (Lee et al, 1987, Nature 325: 
368-372; and Lee et al, 1987, Cell 49: 741-752) or NF-kB activity (Hiscott et al, 
1993, Mol. Cell, BioL 13: 6231-6240). Alfliough for ottier signalling activity assays, 
a change of at least 10% in the presence of a candidate agent indicates that it 
modulates CCRL2, the transcriptional reporter assay requires at least a two-fold 
increase in signal to indicate the presence of a positive agent As with other assays, a 
negative agent is indicated by at a 10% decrease in signal in the reporter gene 
expression assay. 

The ability of a candidate agent identified by a method of the invention to 
modulate the signalling activity of a CCRL2 polypeptide may be further confirmed 
or analysed. This functional analysis is described in detail above. This analysis 
typically involves monitoring of the effect of candidate agent alone on the signalling 
activity of a CCRL2 polypeptide and comparison with the effect of a MIP-4 
polypeptide on flie signalling activity of the CCRL2 polypeptide. Any suitable 
signalling assay format may be used for determining signalling activity and detecting 
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the effect The effect may be measured as a change in the signalling activity of 
CCRL2. The agent may be agonist, partial agonist, antagonist or inverse agonist of 
CCRL2 activity. 

Compaiisons are made with a MIP-4 polypeptide at its EC50. The ECso refers 
to &e concentration of ligand at which the signalling activity is 50% of tiie maximmn 
for ttie receptor activity measurable using the same assay, la other words, the EC50 is 
tiie concentration of ligand that gives 50% activation, when 100% activation is set at 
the amount of activity that does not increase with the addition of more ligand. It 
should be noted that the EC50 of a Ugand wiU vary with Has ideaitity of the ligand, for 
example, variants of SEQ ID NO: 6 (i.e., those containing msertions, deletions, 
substitutions) can have EC50 values higher than, lower than or the same as the parent 
molecule. Where a sequence differs from a parent sequence, one of skill in the art 
can determine the EC50 for that variant according to conventional methods. The EC50 
of a given ligand is measured by performing an assay for an activity of a fixed 
amount of a CCKL2 polypeptide in the presence of doses of die ligand that increase 
at least until the CCRL2 response is saturated or maximal, and then plotting the 
measured CCRL2 activity versus the concentration of the ligand. 

The candidate agent is regarded as an agent that modalates CCKL2 activity if 
it induces at least 50% of the signalling activity induced by a MIP-4 polypeptide at 
its ECso. 

In another embodiment of the invention, the effect of a candidate agent or 
sample on the chemotactic activity of a CCRL2 polypeptide is monitored. The 
chemotactic activity of CCRL2 is induced by a MIP-4 polypeptide. Any suitable 
chemotactic assay format may be used for monitoring chemotactic activity and 
detecting any effect A chemotactic assay is a measure of cell migration to a 
stimulus. The effect may be measured as a change in the MIP-4 polypeptide-induced 
chemotactic activity of CCRL2. A change refers to an increase or a decrease m the 
signalling activity. A change of at least 10%, at least 20%, at least 30%, at least 
40%, at least 50%, at least 60%, at least 70% or at least 80% in the chemotactic 
activity of a CCRL2 polypeptide measured in any given assay indicates that the 
candidate agent modulates the activity of CCRL2. 

A cell for use in a chemotactic assay may be any suitable cell expressing 
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CCRL2. The ceU may be transformed with a CCRl^ polynucleotide 
expresses a CCRL2 polypeptide. Preferably the ceU is a primary ceU such as an 
endothelial ceU which expresses the CCRL2 polypeptide. Suitable host cells incude 
transient, or preferably stable higher eukaryotic cell lines, such as mammalian cells 
or insect cells, lower eukaryotic cells, such as yeast, or prokaryotic cells such as 
bacterial cells. Particular examples of cell lines include mammalian HEK293T, 
CHO, HeLa and COS cells. Preferably the cell Kne selected will be one which is not 
only stable, but also allows for mature glycosylation of a polypeptide. Chemotactic 
activity of a CCRL2 polypeptide may also be measured in transformed oocj^s. 

Methods of monitoring chemotactic activity are well documented in the art 
and kits are available. Suitable kits include, those using ChemoTx plates 
(Neuroprobe Inc.) or the BD Falcon HTS FluoroBlok 96-Multiwell Ihsert System 
(BD Biosciences Discovery Labware). Examples of chemotactic assays are 
described in the literature (for example, Biber et al.. Journal of Leukocyte Biology 
2003. 74:243-251; and Zuurman et aL; BCN annual report 1999-2001). The effect 
of a MIP-4 polypeptide acting on CCRL2 polypeptide can also be detected by 
changmg the shape of the cells described in the literature (for example, Heineman et 
al., The Journal of Immunology 2003; 170:4752-4758; and Stubbs et al.. Journal of 
Biological Chemistry 2002; 277:26012-26020). 

The iuvention further provides an agent detected by any of the above- 
described methods and the use of such an agent in metiiod of treatment of the human 
or ^tiiTrtal body by therapy. The agent may be an agonist, partial agonist, antagonist 
or inverse agonist of CCRL2 activity. The invention further provides the use of an 
agent detected by any of the methods of the invention in the manufacture of a ' 
medicament for use m the treatment of an inflammatory disease or disorder, in the 
treatment of a disease or disorder associated with enhanced activation of 
macrophages or in the treatment of infection. A pharmaceutical composition 
comprising an agent of the invention and a pharmaceutically acceptable carrier or 
diluent is also provided. 

A method of modulatmg the activity of a CCKL2 polypeptide in a cell is 
provided by the invention, which method comprises delivering an agent detected 
according to the invention the cell, such tiiat the activity of CCRL2 is modulated. 
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The cell may be in vivo or in vitro. The delivery of the agent is discussed in more 
detail below. 

A method of treating an inflarmnatory disease or disorder, a metiiod of 
treating a disease or disorder associated with enhanced macrophage activity and a 
5 method of treating an infection are also provided by the invention, which methods 
comprise administering a therapeutically effective amount of an agent according to 
the invention to an individual in need thereof. 

A method of treating an inflammatory disease or disorder of the invention 
typically comprises: 
1 0 (i) identifying an agent for the prevention or treatment of an 

inflammatory disease or disorder by a method according to the invention; and 

(ii) administering a therapeutically effective amount of an agent detected 
in (i) to an individual having an inflammatory disease or disorder. 

Where CCRL2 activity or expression is reduced in a subject having an 
15 inflammatory disease or disorder, an agent for use in the treatment of the 

inflammatory disease or disorder is preferably an agonist or potentiator of CCRL2 
activity or an agent which enhances expression of CCRL2. Where CCRL2 activity 
or expression is enhanced in a subject having an inflammatory disease or disorder, a 
therapeutic agent is typically an antagonist of CCRL2 activity or an inhibitor of 
20 expression. The agent may bind to a MIP-4 polypeptide that interacts with the 
CCRL2 receptor to prevent receptor activation, for example the agent may be an 
antibody to a MIP-4 polypeptide. 

Where MIP^ activity or e3q>ression is reduced in a subject having an 
inflammatory disease or disorder, an agent for use in the treatment of the 
25 inflammatory disease or disorder is preferably an agonist or potentiator of MIP-4 

activity or an agent which enhances expression of MIP-4. Where MIP-4 activity or 
expression is enhanced in a subject having an inflammatory disease or disorder, a 
therapeutic agent is typically an antagonist of MIP-4 activity or an inhibitor of 
expressioiL The agent may bind to a CCRL2 polypeptide that interacts with MIP-4 
30 and prevents receptor activation, for example the agent may be an antibody to a 
CCRL2 polypeptide. 
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Li all the above embodiments, the inflaimnatoiy disease or disorder is 
preferably chronic obstructive puhnonary disease (COPD), bronchitis, CTiphysema, 
an inflammatory bone disorder, psoriasis, inflammatoiy bowel disease, an 
inflammatory brain disorder, atheroscl^osis, radometriosis, autoimmune deficiency 

5 syndrome (AIDS), lupus erythematosus, allograft rejection or allergic inflammat ion. . 
The inflammatory brain disorder may be multiple sclerosis, or stroke or 
heamorrhage. The inflammatory bowel disease may be ulcerative colitis or Crohn's 
disease. The inflammatory bone disorder may be ardiritis, including rhemnatoid, 
autoimmune and infectious arthritis. The allergic inflammation may be, for example, 

10 asthma or contact dermatitis. The inflaxomatory disease or disorder may be a 

CCRL2-related or a MIP-4-related disease or disorder. An inflammatory disease or 
disorder may be present, or be suspected of being present, in the individual to be 
treated. The individual is discussed in more detail below. 

A method of treating a disease or disorder associated with enhanced 

15 macrophage activity typically comprises: 

(i) identifying an agent fliat modulates the activity of CCRL2 by a 
method according to the invention; and 

(ii) administering a therapeutically eflfective amount of an agent identified 
in (i) to an individual having the disease or disorder. 

20 Increased levels of MIP-4 expression results in increased recruitment of 

macrophages expressing CCRL2. CCRL2 is also upregulated in activated 
macrophages. An agent for use in the treatment of a disease or disorder associated 
with enhanced macrophage activation is preferably an antagonist of MIP-4/CCRL2 
actvity or an agent which inhibits expression of MIP-4 or CCRL2. The agent may 

25 bind to a CCRL2 polypeptide that interacts with the MIP-4 and prevent receptor 

activation, for example the agent may be an antibody to a CCRL2 polypeptide. The 
agent may bind to a MIP-4 polypeptide that interacts with the CCKL2 receptor and 
prevent receptor activation, for example, the agent may be an antibody to a MIP-4 
polypeptide. 

30 The disease or disorder associated with enhanced macrophage activity may 

be one where increased levels of MIP-4 expression is found in the diseased tissue 
resulting in inappropriate recruitment of macrophages to the tissue. Such diseases or 
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disorders include autoimmtme disease and contact hypersensitivity, such as allergic 
dermatitis. 

The disease or disorder associated with enhanced macophage activity may be 
one where abnormal macophage activity contributes to the disease or disorder or 
gives rise to symptoms or complications associated with the disease or disorder. 
CCRL2 is up-regulated in activated macophages and so inhibition of CCRL2 
activation by MIP4 may prevent or ameliorate the. symptoms of the disease or 
disorder. For example, macophages in fat significantly contribute to obesity and 
obesity related insulin resistance via chronic inflammation. Therefore, obesity and 
obesity-related insulin resistance are two examples of such disorders. 

The individual having a disease or disorder associated with enhanced 
macophage activity is discussed in more detail below. 

A method of treating infection typically comprises: 

(i) identifying an agent that modulates the activity of CCRL2 by a 
method according to the invention; and 

(ii) administering a ftierapeutically eflfective amount of an agent identified 
in (i) to an individual with the infection. 

The agent identified in (i) is generally an agent which stimulates CCRL2 
activity such that macrophages are recmited to the site of infection, i.e. the agent is 
preferably an agonist or potentiator of CCRL2 activity. The agent is preferably 
administered at die site of the infection. The agent may be administered systemically 
to stimulate macrophage activation more generally. 

The infection may be an infection caused by any pathogenic organism, such 
as a virus, fungus or bacteria. Preferably the infection is a bacterial infection. The 
individual having an infection is discussed in more detail below. 

Polypeptides and polynucleotides useful in the invention 

CCRL2 polypeptides useful in the invention include both the long form 
(CRAM-A) and short form (CRAM-B) of tiie receptor. Therefore CCRL2 
polypeptides useful in the invention include those having the sequence of SEQ ID 
NO: 2 or 4. CCRL2 polypeptides useful in the invention also include variant 
polypeptides having amino acid sequences that are at least 80%, at least 90% or at 
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least 95% identical to SEQ ID NO: 2 or 4 over its entire length tihiat are functionally 
equivalent to CCRL2. Preferred variant polypeptides include CCRL2 homologues 
from other species such as monkey, dog, mouse, rat, guinea pig or zebra fish. 
Fragments of SEQ ID NO: 2 or 4 which are functionally equivalent to CCRL2 may 
also be used. Such fragments may be from 250 to 355 amino acids in length and are 
preferably at least 275, 300, 310, 320, 330 or 340 amino acids long. Functionally 
equivalent means that the CCRL2 polypeptide binds to a MIF-4 polypeptide and is 
capable of activating a CCRL2-linked signalling pathway. Generally binding of MIP- 
4 to the CCRL2 polypeptide stimulates a CCRL2 linked signalling pathway. 
Typically, the CCRL2 linked signalling pathway involves activation of Gi3. 
Typically, the CCRL2 polypeptide, "specifically binds" to a MIP-4 polypeptide. A 
CCRL2 polypeptide "specifically binds" to a MIP-4 polypeptide when it binds with 
preferential afBnity to the MIP-4 polypeptide compared to other polypeptides. A 
variety of protocols for competitive binding are known in the art (discussed further 
below). 

CCRL2 polynucleotides useful in the invention include polynucleotides that 
encode a CCRL2 polypeptide. CCRL2 polypeptides useful in the invention include 
polynucleotides that encode botii tiie long form (CRAM-A) and short forai (CRAM- 
B) of the receptor. The polynucleotide may comprise the sequence of SEQ ID NO: 1 
or 3 or a sequence at least 90% or 95% identical to SEQ ID NO: 1 or 3 over its entire 
length; 

MIP-4 polypeptides useful in the invention include polypeptides having the 
sequence of SEQ ID NO: 6, MIP-4 polypeptides useful in the invention also include 
sequences at least 50%, 60%, 70%, 80%, 90% or 95% identical to SEQ ID NO: 6 
over its entire length which binds to and activate a signalling activity of a CCRL2 
polypeptide. MIP-4 polypeptides also include firagments of any of the above- 
mentioned MIP-4 polypeptides which bind to and activate a signalling activity of a 
CCRL2 polypeptide. Fragments preferably retain at least 50%, at least 60%, at least 
70%, at least 80% or at least 90% of the binding activity and level of signallmg 
activation of SEQ ID NO: 8. MIP-4 polypeptides can comprise additions, insertions, 
deletions or substitutions of SEQ ID NO: 6 as long as the resulting polypeptide 
specifically binds to and activates a signalling activity of a CCRL2 polypeptide and 
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preferably retains at least 50%, at least 60%, at least 70%, at least 80% or at least 
90% of the binding activity and level of signalling activation of SEQ ID NO: 6. 

Typically, the MIP-4 polypeptide "specifically binds" to a CCRL2 
polypeptide. A MIP-4 polypeptide "specifically binds" to a CCRL2 polypeptide 
when it binds with preferential aflHnity to the CCRL2 polypeptide compared with 
other receptor polypeptides. A variety of protocols form competitive binding are 
known in the art 

Polynucleotides that encode a MIP-4 polypeptide are also useful in the 
inventioiL Polynucleotides useful in the invention include polynucleotides that 
encode a MIP-4 polypeptide. The polynucleotide may comprise the sequence of 
SEQ ID NO: 5 or a sequence at least 50%, 60%, 70%, 80%, 90% or 95% idratical to 
SEQ ED NO: 5 over its entire length. 

The above mentioned identity may be calculated on tiie basis of nucleotide or 
amino acid identity (sometimes referred to as "hard homology"). 

For example the UWGCG Package provides the BESTFIT program which 
can be used to calculate homology (for example used on its default settings) 
(Devereux et al (1984) Nucleic Acids Research 12, p387-395). The PUJEXJP and 
BLAST algorithms can be used to calculate homology or line up sequences (such as 
identifying equivalent or corresponding sequences (typically on their default 
settings), for example as described in AltschulS. F. (1993) J MolEvol 36:290-300; 
Altschul, S, F a/ (1990) J Mol Biol 215:403-10. 

A BLAST analysis is preferably used for calculating identity. Software for 
performing BLAST analyses is publicly available through the National Center for 
Biotechnology Information (http://www.ncbi.nlm.nih.gov/). This algorithm involves 
first identifying high scoring sequence pair (HSPs) by identifying short words of . 
length W in the query sequence that either mateh or satisfy some positive-valued 
threshold score T when aligned with a word of the same length in a database 
sequence. T is referred to as the neighbourhood word score tiireshold (Altschul et al, 
supra). These initial neighbourhood word hits act as seeds for initiating searches to 
find HSPs containing them. The word hits are extended in bolii directions along each 
sequence for as fer as the cumulative alignment score can be increased Extensions 
for the word hits in each direction are halted when: the cumulative alignment score 



faUs ofif by the quantity X from its maximmn achieved value; the cumulative score 
• goes to zero or below, due to the accumulation of one or more negative-scoring 
residue alignments; or the end of either sequence is reached. The BLAST algorithm 
parameters W, T and X determine the sensitivity and speed of the aligmnent. The 
5 BLAST program uses as defaults a word length (W) of 1 1, the BLOSUM62 scoring 
matrix (see Henikoff and Henikofif (1992) Proc. Natl Acad. Set USA 89: 10915- 
10919) aUgnments (B) of 50, expectation (E) of 10, M=5, N=4, and a comparison of 
both strands. 

The.BLAST algorithm performs a statistical analysis of tibe similarity 
10 between two sequences; see e.g., Karlin and Altschul (1993) Proa Natl Acad, Sci 
USA 90: 5873-5787. One measure of similarity provided by the BLAST algorithm 
is the smallest sum probability (P(N)), which provides an indication of the 
probability by which a match between two polynucleotide or amino add sequences 
would occur by chance. For example, a sequence is considered similar to another 
15 sequence if the smallest sum probability in comparison of the first sequence to flie 

second sequence is less than about 1, preferably less than about 0.1, more preferably 
less than about 0.01, and most preferably less than about 0.001. 

The homologous sequences typically differ by at least 1, 2, 5, 10, 20 or more 
mutations (which may be substitutions, deletions or insertions of nucleotide or anuno 
20 acids). These mutations may be measured across any of the regions mentioned 

above in relation to calculating identity. In the case of proteins the substitutions are 
preferably conservative substitutions. These are defined according to the following 
Table. Amino acids in the same block in the second column and preferably in the 
same line in the third column may be substituted for each other: 
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Any of the polypeptides useful in the invention may be in the form of a 
dimer. Any of the polypetides useful in the invention may further be chemically- 
modified to form a derivative. Derivatives include polypeptides that have lipid 
extensions or have been glycosylated. Derivatives also include polypeptides that 
5 have been detectably labelled. Detectably labelled polypeptides have been labelled 
with a labelling moiety that can be readily detected. Examples of labelling moieties 
include, but are not limited to, radioisotopes or radionucleodtides, fluorophores such 
as green fluorescent protein (GFP), electron-dense reagents, quenchers of 
fluorescence, enzymes, affinity tags and epitope tags. Preferred radioisotopes 

10 include tritium and iodine. Affinity tags are labels that confer the ability to 

specifically bind a reagant onto the labelled molecule. Examples include, but are not 
limited to, biotin, histidine tags and glutathione-S-transferase (GST). Labels may be 
detected by, for example, spectroscopic, photochemical, radiochemical, biochemical, 
immimochemical or chemical methods tiiat are known in the art 

15 Any of the polypeptides useful in the invention may also comprise additional 

amino acids or polypeptide sequences. A preferred polypeptide useful in the 
invention is a MIP-4 polypeptide with an additional methionine residue attached to 
the amino terminus (Met-MEP-4) or the carboxy terminus. Any of the polypeptides 
useful in the invention may comprise additional polypeptide sequences such that they 

20 form fusion proteins. The additional polypeptide sequences may be fused at the 
amino terminus, carboxy terminus or both the amino terminus and the carboxy 
terminus of MIP-4. Examples of fusion partners include, but are not limited to, GST, 
maltose binding protein, alkaline phosphatates, thiorexidin, GFP, histidine tags and 
epitope tags (for example, Myc or FLAG). CCRL2 polypeptides may be fused to a 

25 GTP-binding protein (G protein). 

Antibodies useful in the invention 

The invention also provides the use of an antibody specific for a MIP-4 
polypeptide for the treatment of a CCRL2-related disease or disorder. The invention 
30 also provides the use of an antibody specific for a CCRL2 polypeptide for the 
treatment of a MIP-4-related disease or disorder. 
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Antibodies may be raised which bind to a MIP-4 polypeptide or a CCRL2 
polypqjtide. Antibodies may be raised which bind to both a MIP-4 polypeptide and 
a CCRL2 polypeptide. Antibodies may be raised against MIP-4 fusion proteins such 
as Met-MIP-4. Typically, the antibody "specifically binds" or "is specific for^' a 
MIP-4 polypeptide or a CCRL2 polypeptide. The antibody may bind to a 
glycosylation site on CCRL2, An antibody, or other compound, "specifically binds" 
to a polypeptide or is "specific for" a polypeptide when it binds with preferential 
afiBnity to the protein for which it is specific compared to other polypeptides, such as 
chemoldne or G-protein receptor. A variety of protocols for competitive binding or 
immunoiadiometric assays to determine the specific binding capability of an 
antibody are well known in the art (see for example Maddox et al, J. Exp. Med. 158, 
1211-1226, 1993). Such immimoassays typically involve the formation of 
complexes between the specific protein and its antibody and the measurement of 
complex formation. 

For the purposes of this invention, the term "antibody", unless specified to 
ttie contrary, includes fragments which bind a polypeptide. Such fragments include 
Fv, F(ab') and F(ab')2 fragments, as well as single chain antibodies. Furfliermore, 
the antibodies and fragment thereof may be chimeric antibodies, CDR-grafled 
antibodies or humanised antibodies. 

Antibodies can be produced by any suitable method. Means for preparing 
and characterising antibodies are well known in the art, see for example Harlow and 
Lane (1988) "Antibodies: A Laboratory Manual", Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, NY. For example, an antibody may be produced by 
raising an antibody m a host animal against the whole polypeptide or a fragment 
thereof, for example an antigenic epitope thereof, herein after the "immunogen". 
The fragment may be any of the fragments mentioned herein (typically at least 10 or 
at least 15 amino acids long).and comprise a polymorphism (such as any of the 
polymorphisms mentioned herein). 

A method for producing a polyclonal antibody comprises immunising a 
suitable host animal, for example an experimental animal, with the immunogen and 
isolating immunoglobulins from the animal's serum. The animal may therefore be 
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inoculated with the immunogen, blood subsequently removed fix)m the animal and 
the IgG fi:action purified. 

A method for producing a monoclonal antibody comprises irmnortalising 
cells which produce the desired antibody. Hybridoma cells may be produced by 
5 fusing spleen cells from an inoculated experimental animal with tumoiir cells (Kohler 
and Milstein (1 975) Nature 256, 495-497). 

An immortalized cell producing the desired antibody may be selected by a 
conventional procedure. The hybridomas may be grown in culture or injected 
intraperitoneally for formation of ascites fluid or into the blood stream of an 
10 allogenic host or immunocompromised host Human antibody may be prepared by in 
vitro immunisation of human Ijonphocytes, followed by transfomiation of the 
lymphoc3^es with Epstein-Barr virus. 

For the production of both monoclonal and polyclonal antibodies, tiie 
experimental animal is suitably a goat, rabbit, rat, mouse, guinea pig, chicken, sheep 
15 or horse. If desired, the immunogen may be administered as a conjugate in which the. 
imm u nogen is coupled, for example via a side chain of one of the amino acid 
residues, to a suitable carrier. The carrier molecule is typically a physiologically 
acceptable earner. The antibody obtained may be isolated and, if desired, purified. 

Antibodies that bind to MIP-4 are known in the art and commercially 
20 available (for example, from Novus Biologicals®). 



Uses ofMIP-4 polypeptides, polynucleotides and antibodies 

The invention provides a method of activating a CCRL2 signalling pafliway 
in a cell, which method comprises introducing a MIP-4 poljq^eptide to a cell. The cell 
25 may be in vivo or in vitro. The delivery of the agent is discussed in more detail 
below. 

The invention further provides the use of: 

(i) a MIP-4 polypeptide; 

(ii) a polynucleotide that encodes a MIP-4 polypeptide; or 
30 (iii) an antibody specific for a MIP-4 polypeptide; 

in the manufacture of a medicament for tiie treatment of a CCRL2-related disease or 
disorder. The CCKL2-related disease or disorder is preferably a CCRL2 mediated 
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inflammatory disease such as inflammatory bowel disease, endometriosis, 
afheiosclerosis or an inflammatory brain disorder. The inflammatory brain disorder 
may be multiple sclerosis, or stroke or heamorrhage. The inflammatory bowel 
disease may be ulcerative colitis or Crohn's disease. A CCRL2-related disease or 
disorder may be present, or be suspected of being present, in the individual to be 
treated The individual may have a genetic predisposition to a CCRL2-related 
disease or disorder, such as a polymorphism. 

The individual is discussed in more detail below. 

Uses ofCCRLI polypeptides, polynucleotides and antibodies 
The invention provides the use of: 

(i) a CCRL2 polypeptide; 

(ii) a polynucleotide that encodes a CCRL2 polypeptide; or 

(iii) an antibody specific for a CCRL2 polypeptide; 

in the manufacture of a medicament for the treatment of a MIP-4-related disease or 
disorder. The MIP-4-related disease or disorder is preferably allergic inflamma tion^, 
such as asthma or contact dermatitis. A MIP-4-related disease or disorder may be 
present, or be suspected of being present, in the individual to be treated. The 
individual may have a genetic predisposition to a MIP-4-related disease or disorder, 
such as a polymorphism. The individual is discussed iu more detail below. 

Methods of diagnosis 

The invention further provides methods of diagnosing a CCRL2-related 
disease or disorder or an MIP-4-related disease or disorder in an individual. A 
CCRL2-related disease or disorder is typically a disease or disorder which is 
associated with the CCRL2 gene. For exair^)le, a polymorphism in the CCRL2 gene 
region may be associated with the disease or disorder. A MIP-4-related disease or 
disorder is one which is associated with the MIP-4 gene. For example, a 
polymorphism in the MIP-4 gene region n:iay be associated with the disease or 
disorder. 

The CCRL2-related disease or disorder is preferably a CCRL2-mediated 
inflammatory disease such as inflammatory bowel disease endometriosis. 
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atherosclerosis or an inflammatory brain disorder. The inflammatory brain disorder 
may be multiple sclerosis, or stroke or heamorrhage. The inflammatory bowel 
disease may be ulcerative colitis or Crohn's disease. A CCRL2-related disease or 
disorder may be present, or be suspected of being present, in the individual to be 
5 diagnosed. The MIP-4-related disease or disorder is preferably allergic 

inflammation, such as asthma or contact dermatitis. A MIP-4-related disease or 
disorder may be present, or be suspected of being present, in the individual to be 
treated. The individual is discussed in more detail below. 

In a first diagnostic embodiment of the invention, the method of diagnosis 

10 comprises carrying out an amplification reaction on a sample isolated firom an 
individual using primers specific for MIP-4. The presence or absence of a 
polynucleotide encoding a MIP-4 polypeptide in the sample is then determined. The 
absence of a polynucleotide ^coding a MIP-4 polypeptide is indicative of the 
presence of a CCRL2-related disease or disorder. If the polynucleotide is present^ 

1 5 the amouQt of the amplified polynucleotide is compared with a standard and a 

difference in the amount relative to the standard is indicative of tiie presence of a 
CCRL2-related disease or disorder in the individual. The standard refers to the 
equivalent measurement in an individual not affected by the CCRL2-related disease 
or disorder. 

20 The methods of the first diagnostic embodiment also comprise carrying out 

an amplification reaction on a sample isolated flom an individual using primers 
specific for CCRL2. The presence or absence of a polynucleotide encoding a 
CCRL2 polypeptide in the sample is then determined. The absence of a 
polynucleotide encoding a CCRL2 polypeptide is indicative of the presence of a 

25 MIP-4-related disease or disorder. If the polynucleotide is present, the amount of the 
ampUfled polynucleotide is compared with a standard and a difference in the amount 
relative to the standard is indicative of the presence of a MIP-4-related disease or 
disorder in the individual. The standard refers to the equivalent measiurement in an 
individual not affected by the MIP-4-related disease or disorder. 

30 The amount of polynucleotide may be measured by any suitable method such 

as quantitative or semi-quantitative polymerase chain reaction (PGR). In these 
methods, part of polynucleotide in the sample is copied (or amplified) prior to 
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determiiimg the amount Methods of "quantitative" amplification aie well known in 
the art (PGR Protocols, A Guide to Methods and Applications, Lmis et aL, Academic 
Press, Inc. N.Y., (1990)). 

. In a second diagnostic embodimml; the method of diagnosis comprises 
amplifying a polynucleotide encoding MIP-4 from a sample isolated from an 
individual. The presence of a mutation or polymorphism associated with associated 
with a CCRL2-related disease or disorder is then determined. In one embodiment, 
the sequence of an amplified polynucleotide is compared with sequence information 
relating to sequences associated with CCRL2-Telated diseases or disorders (Figure 4). 
Such information typically indicates sequence polymorphisms associated wilh said 
diseases or disorders. 

The methods of the second diagnostic embodiment also comprise amplifying 
a polynucleotide encoding CCRL2 from a sample isolated from an individual. The 
presence of a mutation or polymorphism associated with associated with a MIP-4- 
related disease or disorder is then determiiied. In one embodiment, the sequence of 
an amplified polynucleotide is compared with sequence information relating to 
sequences associated with MIP-4-related diseases or disorders (Figure 5). Such 
information typically indicates sequence polymorphisms associated wilb said 
diseases or disorders. 

The mutation or polymorphism is typically detected by direcfly detecmining 
the presence of the mutation or polymorphism sequence in a polynucleotide of the 
individual. Such a polynucleotide is typically genomic DNA, mKNA or cDNA. Tlie 
polymorphism may be detected by any smtable method such as tiiose mentioned 
below. 

The diagnostic method may comprise detecting the presence or absence of a 
mutation or polymorphism using a specific binding agent A specific binding agent 
is an agent that binds witii preferential or high affinity to the protein or. 
polynucleotide having the polymorphism but does not bind or binds with only low 
afGnity to other polypeptides or proteins (such as a MIP-4 polynucleotide or CCRL2 
polynucleotide which does not comprise the mutation or polymorphism). 

The specific binding agent may be a probe or primer. The probe may be a 
protein (such as an antibody) or an oligonucleotide. The probes or primers will 
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typically also bind to flankmg nucleotides and amino acids on one or both sides of 
the polymoiphism, for example at least 2, 5, 10, 15 or more flanking nucleotide or 
amino acids in total or on each side. Thus a probe or primer may be fully or partially 
complementary to eiliier all or part of the flanking 5* and/or 3* sequences of the 
S mutation or polymorphism. The probe may be labelled or may be capable of being 
labelled indirectly. The binding of the probe to the polynucleotide or protein may be 
used to immobilise either the probe or the polynucleotide or protein. 

Generally, determination of the specific binding of the agent to the mutation 
or polymorphism can be done by determining the binding of the agent to Ihe 

1 0 polynucleotide of the individual. However, the agent may also be able to bind the 
corresponding wild-type sequence, for example by binding the nucleotides \diich 
flank the mutation or polymorphism positioiL In such a case, the manner of binding 
to the wild-type sequence will be detectably different to the binding of a 
polynucleotide or protein containing the polymorphism. 

15 Oligonucleotide ligation assays involve the use of two oligonucleotide 

probes. These probes bind to adjacent areas on the polynucleotide which contains 
the mutation or polymorphism, allowing (after binding) the two probes to be ligated 
together by an appropriate ligase enzyme. However the presence of single mismatch 
within one of the probes may disrupt binding and ligation. Thus ligated probes will 

20 only occur with a polynucleotide that contains the mutation or polymorphism, and 
therefore the detection of the ligated product may be used to determine the presence 
of the mutation or polymorphism. 

Probes may also be used in a heteroduplex analysis based system. In such a 
system when flie probe is bound to polynucleotide sequence containing the mutation 

25 or polymorphism it forms a heteroduplex at Ae site where the polymorphism occurs 
(i.e. it does not form a double strand structure). Such a heteroduplex structure can be 
detected by the use of single or double strand specific enzyme. Typically the probe 
is an RNA probe, the heteroduplex region is cleaved using RNAase H and the 
polymorphism is detected by detecting the cleavage products. 

30 Mutations or polymoiphisms may also be detected using fluorescent chemical 

cleavage mismatch analysis which is described for example in PGR Methods and 
AppUcations 3, 268-71 (1994) and Proc. Natl. Acad. Sci. 85, 4397-4401 (1998). 
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Alternatively, a PGR primer is used that primes a PGR reaction only if it 
binds a polynucleotide containing the mutation or polymorphism (i.e. a sequence- or 
allele-specific PGR system) and the presence of the mutation or polymorphism may 
be determined by the detecting the PGR product Preferably the region of the primer 
which is complementary to the mutation or polymorphism is at or near the 3' end of 
the primer. The presence of the polymorphism may be determined using a 
fluorescent dye and quenching agent-based PGR assay such as the Taqman PGR 
detection system, 

A specific binding agent may be capable of specifically binding the amino 
acid sequence encoded by a mutated or polymorphic sequence. For example, the 
agent may be an antibody or antibody fiagment The detection method may be based 
on an ELISA system. 

The method may be an RFLP based system. This can be used if the presence 
of the polymorphism in the polynucleotide creates or destroys a restriction site that is 
recognised by a restriction enzyme. 

The presence of the mutation or polymorphism may be determined based on 
the change which the presence of the mutation or polymorphism makes to the 
mobility of the polynucleotide during gel electrophoresis. In the case of a 
polynucleotide single-stranded conformation polymorphism (SSCP) or denaturing 
gradient gel electrophoresis (DDGE) analysis may be used. 

la another method of detecting the mutation or polymorphism, a 
polynucleotide comprising the polymorphic region is sequenced across the region 
which contains the polymorphism to determine the presence of the polymorphism. 
The methods of the second diagnostic embodiment may be carried out using an 
array, such as a DNA chip. For example, a probe may be immobilised on a DNA 
chip. 

In a third diagnostic embodiment the invention, the method of diagnosis 
comprises contacting a sample isolated from an individual which comprises a 
GGRL2 peptide with a MIP-4 polypeptide xmder conditions which permit the binding 
of the MIP-4 polypeptide to the GGRL2 polypeptide. The activity of the GGRL2 
polypeptide is then measured. The activity of this GGRL2 polypeptide is then 
compared with a standard and a difference in the activity relative to the standard 
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indicative of the presence of a CCRL2-related disease or disorder in flie individual. 
This standard refers to the eqmvalent measurement in an individual not affected by 
the CC3lL2-relevant disease or disorder. 

The methods of the third diagnostic embodiment also comprise contacting a 
sample isolated from an individual which comprises a MIP-4 polypeptide with a 
CCRL2 polypeptide under conditions which permit Hhe binding of the MIP-4 
polypeptide to tiie CCRL2 polyp^tide. The activity of the CCRL2 polypeptide is 
then measured. The activity of this CCRL2 polypeptide is then compared wifih a 
standard and a difference in the activity relative to the standard indicative of the 
presence of a MIP-4-related disease or disorder in the individual. This standard 
refers to the equivalent measurement in an individual not affected by the MIP-4- 
relevant disease or disorder. 

The conditions which permit the binding of a MIP-4 polypeptide to a CCRL2 
polypeptide are, for example, the temperature, salt concentration, pH and protein 
concentration under which a MIP-4 polypeptide binds to a CCRL2 polypeptide. 
Exact binding conditions will vary depending on nature of the assay, for example, 
when flie assay uses viable cells or only membrane fraction of cells. However, 
because CCLR2 is a cell surface receptor and MIP-4 polypeptides are secreted 
polypeptides that interact with the extracellular domain of CCRL2, preferred 
conditions will generally include physiological salt concentration (approx 90mM) pH 
about (7.0 to 8.0). Temperatures for binding may vary from 4**C through to 37®C, 
but is preferably 4^*0. The concentration of the MIP-4 polypeptide will also vary, but 
will preferably be from about 0.1 pM to about lO^iM. 

The methods of all the diagnostic embodiments are carried out in vitro on a 
sample from the individual. The sample typically comprises a body fluid and/or cells 
of the individual and may, for example, be obtained using a needle and syringe or 
using a swab, such as a mouth swab. The sample may be a blood, urine, saliva, skin, 
cheek cell or hair root sample. The sample is preferably a blood sample comprising 
monocytes. The sample is typically processed before the method is carried ou^ for 
example DNA extraction may be carried out, the cells may be cultured or a 
membrane faction may be prepared from the cells. The polynucleotide or protein in 
the sample may be cleaved either physically or chemically (e.g. using a suitable 



enzyme). In one embodiment the part of polynucleotide in the sample is copied (or 
amplified), e.g. by cloning or using a PGR based method prior to determining the 
presence of mutations or polymorphisms. 

Bioinformatics 

The invention provides a method for determining the presence of a MIP-4 
mutation or polymorphism associated with a CCRL2-related disease or disorder or a 
CCRL2 mutation or polymorphium associated with a MIP-4-related disease or 
disorder. The sequence of a MIP-4 polynucleotide or polypeptide associated with a 
CCRL2-related disease or disorder may be stored in an electronic format, for 
example in a computer database. The sequence of a CCRL2 polynucleotide or 
polypeptide associated with a MIP-4-related disease or disorder may be stored in an 
electronic format, for example in a computer database. The database may include 
further inforaiation about the polynucleotides or polypeptides. For example, the 
database may provide one or more aspects of the following types of niformation: the 
■ level of association of the polynucleotide or polypeptide with a disease or disorder, 
the frequency of the polynucleotide or polypeptide in patients suffering firom the 
disorder, the probability of a patient having that polynucleotide or polypeptide 
developing a disease or disorder, the interaction of the polynucleotide or polypeptide 
with a flierapeutic agent 

Diagnostic methods of the invention may be carried out by electronic means, 
for example using a computer system. Accordingly, tiie present invention provides a 
method for diagnosing a CCRL2-related disease or disorder or determining 
susceptibility of an individual to a CCRL2-related disease or disorder, which method 
comprises determining whether individual has a MIP-4 polynucleotide or 
polypeptide comprising a mutation associated with by a CCRL2-related disease or 
disorder by: 

(i) optionally obtaining MIP-4 sequence data from a sample taken from 
an individual; 

(ii) inputting MIP-4 sequence data from said individual to a computer, 

(iii) . comparing said data to stored MIP-4 sequence data stored in a 
computer database, which database comprises information relating MIP-4 sequence 
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data to a CCRL2-related disease or disorder; and 

(iv) determining on the basis of said comparison tiie presence or absence 
of a CCRL2-related disease or disorder in said individual or whether said individiial 
is susceptible to a CCRL2-related disease or disorder. 
5 Accordingly, the present invention also provides a method for diagnosing a 

MIP-4-related disease or disorder or determining susceptibility of an individual to a 
MIP-4-related disease or disorder, which method comprises determining whether the 
individual has a polynucleotide or polypeptide comprising a mutation associated wifli 
a MIP-4-related disease or disorder with by: 
10 (i) optionally obtaining CCRL2 sequence data from a sample taken from 

an individual; 

(ii) inputting CCRL2 sequence data from said individual to a computer; 

(iii) comparing said data to stored CCRL2 sequence data stored in a 
computer database, which database comprises information relating CCRL2 sequence 

15 data to a MIP-4-related disease or disorder, and 

(iv) determining on the basis of said comparison the presence or absence 
of a MIP-4-related disease or disorder in said individual or whether said individual is 
susceptible to a MIP-4 related disease or disorder. 

MIP-4 or CCRL2 sequence data may be obtained from said sample by any 
20 suitable means such as those discussed herein. The sequence of all or part of the 

MIP-4 or CCRL2 gene may be obtained. Standard sequencing protocols known in 

the art may be used to obtain sequence data. 

The MIP-4 sequence data or the CCRL2 sequence data may be stored in a 

database comprising information relating to two or more mutations or 
25 polymorphisms which are associated with a CCRL2-related disease or disorder or a 

MIP-4-related disease or disorder, including polymorphisms in the MIP-4 and/or 

CCRL2 genes and mutations or polymorphisms in genes other than the MIP-4 or 

CCRL2 genes. 

The invention also provides apparatus comprising means for detennining the 
30 susceptibility of an individual to a CCRL2*related disease or disorder, or a MIP-4- 
related disease or disorder, based on the presence of mutations or polymorphisms 
present in the MIP-4 gene and/or CCRL2 gene of said individual! 
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The invention furflier provides a computer program comprising program code 
means that, when executed on a computer system, instruct the computer system to 
perform a method of diagnosis according to the invention. Also provided is a 
computer program product comprising either a computer-readable storage medium 
having recorded thereon a computer program or program code means on a carrier 
wave that, when executed on a computer system, instruct the computer system to 
praform a method of the invention. 

Individual 

In all the therapeutic and diagnostic embodiments discussed above, the 
individual is typically a mammalian individual, for example a mammal kept as a pet 
or for agricvdtural or sporting reasons. In one embodiment the mammal is one in 
which CCRL2-related disease or disorder occurs naturally (without intervention by 
man). The mammal may be a bovme, porcine, canine, feline, rodent (such as a 
mouse, rat or hamster) or primate animal. In a preferred embodiment the individual 
is a human individual. 



Kits 

The invention provides various kits for detecting agents that modulate the 
activity of CCRL2. These kits comprise: 

(i) a MIP-4 polypeptide and (ii) a CCRL2 polypepitde or an isolated 

polynucleotide encoding a CCRL2 polypeptide; 

a MIP-4 polypeptide and a cell transformed with a polynucleotide 

encoding a CCRL2 polypeptide; or 

a MIP-4 polypeptide and a cell membrane fiaction comprising a 

CCRL2 polypeptide. 

The kit may additionally comprise one or more otiier reagents or faistiuments 
which enable any of tiie embodiments of the methods mentioned above to be carried 
out Suclx reagents or instruments include one or more of the following: a means to 
detect the binding of the agent to Ihe CCRL2-polypeptide, a delectable label (such ai 
a fluorescent label), an enzyme able to act on a polynucleotide (typically a 
polymerase, restiiction enzyme, Ugase, KNAse H or an enzyme which can attach a 
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label to a polynucleotide), suitable buffer(s) (aqueous solutions) for enzyme reagents, 
PGR primers, a positive and/or negative control, a gel electrophoresis apparatus, a 
means to isolate DNA from sample, a means to obtain a sample from flie individual 
(such as an instrument comprising a needle) or a support comprising wells on which 
5 detection reactions can be done. 

Yeast cells 

The invention ftirfher provides the use in a method of the invention of yeast 
cells transfonned (or transfected) with a CCRL2 polyiiucleotide. Methods for the 

10 tranfonnation (or transfection) of yeast cells are well known ia the art (Davey et al., 
Pheromone procedures in Fission yeast, 1995, In: Microbial Gene Techniques: 
Methods in Molecular Genetics 6B, Adloph, K.W. San Diego: Academic Press: 247- 
263 and Ladds et al.. Molecular Microbiology, 2003; 47(3), 781-792). 

The CCRL2 polynucleotide preferably comprises the sequence of SEQ ID 

15 NO: 1 or 3 or a sequence at least 90% or 95% identical to SEQ ID NO: 1 or 3 over its 
entire length. CCRL2 polynucleotides can be introduced to cells using lithium 
acetate, electroporation or spheroplast transformation (Davey et al., Pheromone 
procedures in Fission yeast, 1995, In: Microbial Gene Techniques: Methods in 
Molecular Genetics 6B. Adloph, K. W. San Diego: Academic Press: 247-263 and 

20 Ladds et al;. Molecular Microbiology, 2003; 47(3), 781-792). CCRL2 

polynucleotides may also be incorporated into a recombinant vector. Preferably, a 
CCRL2 polynucleotide in a vector is operably linked to a control sequence which is 
capable of providing for the expression of the coding sequence by the host yeast cell, 
i.e. the vector is an e;q>ression vector. Such expression vectors can be used to 

25 express the CCRL2 polypeptide. 

The term "operably linked" refers to a juxtaposition wherein the components 
described are in a relationship permitting them to function in their intended manner. 
A control sequence "operably linked" to a coding sequence is ligated in such a way 
that expression of the coding sequence is achieved under conditions compatible with 

30 the control sequences. Multiple copies of the same or different CCRL2 
polynucleotide may be introduced into the vector. . 
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Such vectors may be transfonned into a suitable host yeast cell to provide for 
expression of a CCRL2 polypeptide. Thus, a CCKL2 polypeptide can be obtained by 
cultivating a host yeast cell transformed or transfected wife an expression vector as 
described above under conditions to provide for expression of the polypeptide, and 
recovering the expressed polypeptide. More preferably, such host cells may be used 
inlhe screening methods of the invention. 

Any suitable vector may be used to express a CCRL2 polypeptide inflie yeast 
cell. The vectors may be for example a plasmid vector provided with an origin of 
replication, optionally a promoter for the expression of the said polynucleotide and 
optionally a regulator of the promoter. The vectors may contain one or more 
selectable marker genes, for example URAS, HISS, LEU2, TRPl, LYS2 or a 
tetracycline resistance gene. Promoters and other expression regulation signals may 
be selected to be compatible with the host cell for which the expression vector is 
designed. Multiple copies of the same or different CCRK2 polynucleotide in a single 
expression vector, or more than one expression vector each including a CC3RL2 
polynucleotide which may be the same or different may be transformed into the host 
cell. 

The promoter sequence is preferably a promoter sequence derived from a 
yeast cell and in particular Saccharomyces cerevisiae or Schizosaccharomyces 
pombe. Suitable promoters for the expression of Ihe CCRL2 polynucleotide in yeast 
cells mclude GAL, GALl 0, PH05, ADHI, PGK and GPD J (Schneider and Guarente. 
Methods Enzymol., 1991; 194: 373-388) and the thiamine repressible nmt-1 
promoter (Ladds et al.. Molecular Microbiology, 2003; 47(3), 781-792). Suitable 
expression vectors for the expression of the CCRI^ polynucleotide in yeast cells 
include pBMlSO, pYEpSl, pLGSDS, YEp51, pAM82, pYE4. pAAhS, pMA56. 
pAH9/10/21, pMA230, pMA91 andpG-1/2 (Schneider and Guarente. Methods 
Enzymol., 1991 ; 194: 373-388. The promoter or vector wUl be chosen to be 
compatible with the host yeast cell that is to be transformed. 

Preferably, the yeast is Saccharomyces cerevisiae or Schizosaccharomyces 

pombe. 

In one embodiment, the yeast cells may be G protein transplants in which at 
least 5, at least 10, at least 15 or at least 20 amino acids at the carboxy terminal of the 
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yeast Ga subunit have been replaced with the corresponding residues from a non- 
yeast, preferably hmnan, G protein. Preferably, the C terminal 5 anmio acids are 
replaced with the corresponding residues of a hmnan G protein. Preferably, the 
human G protein corresponds to the G protein which the CCRL2 polypeptide 
5 naturally interacts with so that the expression of the CCRL2 polypeptide in the yeast 
cell results in a functional association with the transplanted G protein. The 
functional association enables the CCRL2 polypeptide to activate the yeast cell 
signalling machinery. A reporter gene xmder the control of a promoter which is 
activated by the yeast cell machinery may be introduced into the yeast cell. Reporter 

10 gene expression may then be used to monitor CCRL2 activity. Suitable reporter 

genes include LacZ and GFP. The reporter gene may be integrated into the yeast cell 
chromosome. The yeast cell may be derived from a sxa2>lacZ reporter strain 
Pidmon et al., Curr. Genet, 2002; 41: 241-253 and Ladds et aL, Molecular 
Microbiology, 2003; 47(3), 781-792). 

15 The G-protein transplant yeast cells of the invention may be used in the 

• screening methpds of the invention. Suitable non-yeast G proteins include Gpal, Gs, 
Gi, Go, Gq, Gz, G12, G13, G14 and G16. The G protein is preferably Gi and more 
preferably Gi3. 

The G protein transplant cells may be generated as described in Ladds et al., 
20 Molecular Microbiology, 2003; 47(3), 781-792. 

Accordingly, a preferred yeast cell provided by flie invention comprises a 
CCRL2 polypeptide, a Gi3 protein and, optionally, a reporter construct The CCRL2 
polypeptide preferably comprises the sequence show in SEQ ID NO: 2 or 4, The Gi3 
protein preferably comprises 5 carboxy terminal residues from himian Gi3 frised to a 
25 yeast G protein in which the corresponding 5 carboxy terminal residues have been 
deleted. 

Administration or delivery 

When administration is for the purpose of treatment, administration may be 
30 either for prophylactic or therapeutic purpose. When provided prophylactically, the 
agent or polypeptide, polynucleotide or antibody is provided in advance of any 
symptom. The individual may have been identified as having a genetic 
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predisposition to an inflammatory disease or disorder. For ecxample, whwe flie 
inflammatory disease or disordw is a CCRL2-related disease or disorder, sucli as 
inflammatory bowel disease, atherosclerosis, endometriosis or an inflammatory brain 
disease the individual may have a polymorphism in the CCRL2 gene which 
polymorphism is associated with the disease or disorder.' The prophylactic 
administration of tiie agent or polypeptide, polynucleotide or antibody serves to 
prevent or attenuate any subsequent symptom. Wheal provided therapeutically the 
agent or polypeptide, polynucleotide or antibody is provided at or following, 
preferably shorfly after, Ihe onset of a symptom. The therapeutic administration of 
the agent or polypeptide, polynucleotide or antibody serves to attenuate any actual 
symptom. Adminstration and therefore tiie methods of the invsaition may be carried 

out in vivo or in vitro. 

The formulation of any of the therapeutic agents mentioned herran, including 
polypeptides, polynucleotides and antibodies, will depend upon fectors such as the 
nature ofthe agent and the condition to be treated. Any such agent may be • 
administered or delivered in a variety of dosage forms. It may be admimsteied or 
delivered orally (e.g. as tablets, troches, lozenges, aqueous or oUy suspensions, 
dispersible powders or granules), parenterally, subcutaneously, intravenously, 
intramuscularly, intrastemally, transdennally or by infusion or mhalatioo techniques. 
The agent may also be administered or delivered as suppositories. A physician will 
be able to determine the required route of administration or delivery for each 
particular patient 

Typically the agent is formulated for use with a pharmaceutically acceptable 
carrier or diluent The pharmaceutical carrier or diluent may be, for example, an 
isotonic solution. For example, solid oral forms may contain, together with tiie 
active compound, diluents, e.g. lactose, dextrose, saccharose, cellulose, com starch 
or potato starch; lubricants, e.g. siUca, talc, stearic acid, magnesium or calcium 
stearate, and/or polyefliylene glycols; binding agents; e.g. starches, arabic gums, 
gelatin, methylcellulose, carboxymethylcellulose or polyvinyl pyrrolidone; 
disaggregating agents, e.g. starch, alginic acid, alginates or sodium starch glycolate; 
eflEervescing mixtures; dyestuffs; sweeteners; wetting agents, such as lecitiiin, 
polysorbates, laurylsulphates; and, in general, non-toxic and pharmacologically 
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inactive substances used in phazmaceutical formulations. Such phannaceutical 
pieparations may be manufactured in known manner, for example, by means of 
mixing, granulating, tabletting, sugar-coating, or film coating processes. 

Liquid dispersions for oral administration may be syrups, emulsions and 
5 suspensions. The syrups may contain as carriers, for example, saccharose or 
saccharose with glycerine and/or mannitol and/or sorbitol. 

Suspensions and emulsions may contain as carrier, for example a natural 
gum, agar, sodium alginate, pectin, methylcellulose, carboxymethylcellulose, or 
polyvinyl alcohol. The suspensions or solutions for intramuscular injections may 
10 contain, together with the active compoxmd, a pharmaceutically acceptable carrier, 

e.g. sterile water, olive oil, ethyl oleate, glycols, e.g. propylene glycol, and if desired, 
a suitable amount of lidocaine hydrochloride. 

Solutions for intravenous or infusions may contain as carrier, for example, 
sterile water or preferably fliey may be in the form of sterile, aqueous, isotonic saline 
15 solutions. 

A therapeutically effective amoxmt of agent is administered. A 
therapeutically effective amount of an agent is an amount that alleviates the 
symptoms or which prevents or delays the onset of symptoms of an inflammatory 
disease or disorder. 

20 The dose may be determined according to various parameters, especially 

according to the substance used; the age, weight and condition of the patient to be 
treated; the route of administration; and &e required regimen. Again, a physician 
will be able to determine the required route of administration and dosage for any 
particular patient. A typical daily dose is from about 0.1 to 50 mg per kg, preferably 

25 from about 0. Img/kg to lOiiig/kg of body weight, according to the activity of the 

specific inhibitor, the age, weight and conditions of the subject to be treated, the type 
and severity of the disease and the frequency and route of administration. Preferably, 
daily dosage levels are from 5 mg to 2 g. 

The present invention is described with reference to the following, 

30 non-limiting Examples: 
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Example 1 - CCRL2 sip nallin ^ assays 
Yeast strains 

Yeast strains were constructed as described in Ladds et al., Molecular 
Microbiology, 2003; 47(3), 781-792. 

Yeast assays 

All assays were performed by Sq>tegen*s standard protocols (Ladds et al.. 
Molecular Microbiology, 2003; 47(3), 781-792). Yeast strains were incubated with 
ligand for 1 6 hours prior to assaying LacZ activity. 

CCKL2 activity in the presence ofMIP-4 

MIP-4 was received from R&D Systems and stored at -20^C imtil use, MIP-4 
was dissolved in growth medium containing 0.1% BSA to provide a stock solution of 
1 1.1 mM (50 |Ag of chemokine in final volume of 577 |il). For the initial screen of 
the O-protein transplant strains, 210 m1 of the 1 LI ^iM stock was diluted to a final 
volume of 2. 1 ml to give a working concentration of 1. 1 1 hM. 

For each of the G-transplant strains, 180 yl of 1.11 )jM solution was added to 
20 lil of cells. The final assay volume was 200 \A and the final concentration of 
MIP-4 was 1 mM. MIP-4 activated the short form of CCRL2 (CRAM-B) in Gi3 
transplant strains (Figure 1). 

On the basis of Ae initial screen against aU of the G-transplants, MIP-4 was 
assayed against the Gi3 -transplant at a range of concentrations. A series of 10-fold 
dilutions were made firom the 1 1 . 1 stock (30 jol plus 270 jil). For each sample, 
180 pi of the appropriately diluted stock was added to 20 jil of cells (final 
concOTtrations of 10 pM, 1 |iM etc.). The response of the Gi3 transplant cells 
increased exponentially with increasing concentrations of MIP-4 (Figure 2). 

Control experiments 

To confirm that the responses reported for the various chemokines are 
depradent upon the CaRL2 receptor, all tiiree chemokines were assayed against 
appropriate yeast strains expressing the Corticotropin Releasing Factor Receptor 
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(CRFR). This was chosen as control strain since it has peptide agonists and interacts 
with the Gq^ Gi2 and Gi3 transplants and the interaction is dependent upon the 
identity of the ligand. MIP-4 was active against the short form of CCRL2 (CRAM-B) 
in the Gi3-transplant (10"^ M resulted m -6.5 LacZ units) (Figure 3). Monocyte 
5 chemotactic protein-1 (MCP-l) was active against the short form of CCRUl 

(CRAM-B) in the Gq-transplant (10"^ M resulted in -5.7 LacZ units) (Figure 3). 
Monocyte chemotactic protein-3 (MCP-3) was active against the short form of 
CCRL2 (CRAM-B) in the Gil-transplant (10"^ M resulted in -2.2 LacZ units) 
(Figure 3). 

10 Corticotrophin releasing factor (CRF) was active against CRF-Rl in the Gi2- 

transplant (10*^ M resulted in -6.4 LacZ xmits) and the Gi3-transplant (10"^ M 
resulted in -17.2 LacZ xmits) (Figure 3). Urocortin was active against CRF-Rl in the 
Gq-transplant (10"^ M resulted in -6.9 LacZ units). 

15 Example 2 - CCRL2 chemotaxis assavs 

Chemotaxis assay 

An 8|j.m-pore sized 96-well ChemoTx plate (Neuroprobe) was pre-coated 
with lOfig/ml fibronectin. Transfected cells were fluorescently-labeled with 5^g/ml 

20 calcein (Molecular Probes) for 30 min at 37''C. 25^1 of cells at a density of 

3xl0^cells/ml and test samples (29p.l) prepared in appropriate media were applied to 
the upper and lower chambers of the ChemoTx plate. After incubation at 37®C for 
5h, any cells remaining on top of the filter were removed by EDTA-treatment and the 
migrated cells on the underside of the filter and in the wells were quantitated in a 

25 fluorescent plate reader (Perkin Elmer). The results are shown in Figure 6. 

MIP-4 stimulated chemotaxis of cells transfected with the short form of 
CCRL2 (CRAM-B). MIP-4 had no effect on cells that were not trai^fected with the 
short form of CCRL2 (CRAM-B). 

MCP-l and MCP-3 which activated the short form of CCRL2 in the yeast 

30 assay also showed activity in the chemotaxis assay. A control chemokine, RANTES, 
which failed to show CCRL2 activation in the yeast assay, did not induce chemotaxis 
of the CCRL2 transfected cells. lOnM of both MIP-4 and MCP-3 induced a similar 
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chemotactic activity with approximately 35% more cells passing across flie 
membrane than the untreated cells. The cells only showed a weak chemotactic 
response in flie presence of lOnM MCP-1 . 
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SEQUENCE LISTING 



<110> OXAGEN LIMITED 

<120> Ligand 

<130> N. 89652 GCW 

<160> 5 

<170> Patent In version 3.2 

<210> 1 

<211> 1531 

<212> DNA 

<213> Homo sapiens 



<220> 

<221> CDS 

<222> (48) , . (1118) 

<400> 1 

aggaagctgc ttcggggggt gagcaaactt tttaaaatgc agaaatt atg ate tac 56 

Met He Tyr 
1 

acc cgt ttc tta aaa ggc agt ctg aag atg gcc aat tac acg ctg gca 104 
Thr Arg Phe Leu Lys Gly Ser Leu Lys Met Ala Asn Tyr Thr Leu Ala 
5 10 15 

oca gag gat gaa tat gat gtc etc ata gaa ggt gaa ctg gag age gat 152 
Pro Glu Asp Glu Tyr Asp Val Leu He Glu Gly Glu Leu Glu Ser Asp 
20 25 30 35 

gag gca gag caa tgt gac aag tat gad gcc cag gca etc tea gcc cag 200 
Glu Ala Glu Gin Cys Asp Lys Tyr Asp Ala Gin Ala Leu Ser Ala Gin 
40 45 50 

ctg gtg cca tea etc tgc tct get gtg ttt gtg ate ggt gtc ctg gac 248 
Leu Val Pro Ser Leu Cys Ser Ala Val Phe Val He Gly Val Leu Asp 
55 60 65 

aat etc ctg gtt gtg ctt ate ctg gta aaa tat aaa gga etc aaa egc . 296 
Asn Leu Leu Val Val Leu He Leu Val Lys Tyr Lys Gly Leu Lys Arg 
70 75 80 

gtg gaa aat ate tat ctt eta aac ttg gca gtt tct aac ttg tgt ttc 344 
Val Glu Asn He Tyr Leu Leu Asn Leu Ala Val Ser Asn Leu Cys Phe 
85 90 95 

ttg ctt acc ctg cec ttc tgg get cat get ggg ggc gat cec atg tgt 392 
Leu Leu Thr Leu Pro Phe Trp Ala His Ala Gly Gly Asp Pro Met Cys 
100 105 110 115 



aaa att etc att gga ctg tac ttc gtg ggc ctg tac agt gag aca ttt 
Lys He Leu He Gly Leu Tyr Phe Val Gly Leu Tyr Ser Glu Thr Phe 
120 125 130 



.440 
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ttc aat tgc ctt ctg act gtg caa agg tac eta gtg ttt ttg cac aag 
Phe Asn Cys Leu Leu Thr Val Gin Arg Tyr Leu Val Phe Leu His Lys 
135 140 145 

ggc aac ttt ttc tea gcc agg agg agg gtg ccc tgt ggc ate att aca 
Gly Asn Phe Phe Ser Ala Arg Arg Arg Val Pro Cys Gly He He Thr 
150 155 160 

agt gtc ctg gca tgg gta aca gcc att ctg gcc act ttg cct gaa tac 
Ser Val Leu Ala Trp Val Thr Ala He Leu Ala Thr Leu Pro Glu Tyr 
165 170 175 

gtg gtt tat aaa cct cag atg gaa gac cag aaa tac aag tgt gca ttt 
Val Val Tyr Lys Pro Gin Met Glu Asp Gin Lys Tyr Lys Cys Ala Phe 
180 185 190 195 

age aga act ccc ttc ctg cea get gat gag aca ttc tgg aag eat ttt 
Ser Arg Thr Pro Phe Leu Pro Ala Asp Glu Thr Phe Trp Lys His Phe 
200 205 210 

ctg act tta aaa atg aac att teg gtt ctt gtc etc ccc eta ttt att 
Leu Thr Leu Lys Met Asn He Ser Val Leu Val Leu Pro Leu Phe He 



215 



220 225 



ttt aca ttt etc tat gtg caa atg aga aaa aca eta agg ttc agg gag 
Phe Thr Phe Leu Tyr Val Gin Met Arg Lys Thr Leu Arg Phe Arg Glu 
230 235 240 

cag agg tat age ctt ttc aag ctt gtt ttt gcc ata atg gta gtc ttc 
Gin Arg Tyr Ser Leu Phe Lys Leu Val Phe Ala He Met Val Val Phe 
245 250 255 

ctt ctg atg tgg geg ccc tac aat att gca ttt ttc ctg tec act ttc 
Leu Leu Met Trp Ala' Pro Tyr Asn He Ala Phe Phe Leu Ser Thr Phe 
260 265 270 275 

aaa gaa cac ttc tec ctg agt gac tgc aag age age tac aat ctg gae 
Lys Glu His Phe Ser Leu Ser Asp Cys Lys Ser Ser Tyr Asn Leu Asp 
280 285 290 

aaa agt gtt cac ate act aaa etc ate gee acc ace cac tgc tgc ate 
Lys Ser Val His He Thr Lys Leu He Ala Thr Thr His Cys Cys He 



295 



300 305 



488 



536 



584 



632 



680 



728 



776 



824 



872 



92a 



968 



1016 



1064 



aac cct etc ctg tat geg ttt ctt gat ggg aca ttt age aaa tac etc 
Asn Pro Leu Leu Tyr Ala Phe Leu Asp Gly Thr Phe Ser Lys Tyr Leu 
310 315 320 

tgc ege tgt ttc eat ctg egt agt aac ace cea ctt caa ccc agg ggg 
Cys Arg Cys Phe His Leu Arg Ser Asn Thr Pro Leu Gin Pro Arg Gly 
325 330 335 

eag tet gca caa ggc aca teg agg gaa gaa cct gae eat tee ace gaa 1112 
Gin Ser Ala Gin Gly Thr Ser Arg Glu Glu Pro Asp His Ser Thr Glu 
340 345 350 355 

gtg taa actagcatcc accaaatgea agaagaataa aeatggattt tcatctttet 1168 
Val 
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gcattatttc 


atgtaaattt 


tctacacatt 


tgtatacaaa 


atcggataca 


ggaagaaaag 


1228 


ggagaggtga 


gctaacattt 


gctaagcact 


gaauti^gtzcii 


caggcaccgti 


gcaaggctcti 




ttacaaacgt 


gagctccttc 


gcctcctacc 


acttgtccat 


agtgtggata 


ggactagtct 


1348 


catttctctg agaagaaaac 


taaggcgcgg 


aaatttgtct 


aagatcacat 


aactaggaag 


1408 


tggcagaact 


gattctccag 


ccctggtagc 


atttgctcag 


agcctacgct 


tggtccagaa 


1468 


catcaaactc 


caaaccctgg 


ggacaaacga 


catgaaataa 


atgtatttta 


aaacatctaa 


1528 


aaa 












1531 



<210> 2 

<211> 356 

<212> PRT 

<213> Homo sapiens 

<400> 2 

Met lie Tyr Thr Arg Phe Leu Lys Gly Ser Leu Lys Met Ala Asn Tyr 
15 10 15 

Thr Leu Ala Pro Glu Asp Glu Tyr Asp Val Leu lie Glu Gly Glu Leu 
20 25 30 

Glu Ser Asp Glu Ala Glu Gin Cys Asp Lys Tyr Asp Ala Gin Ala Leu 
35 40 45 

Ser Ala Gin Leu Val Pro Ser Leu Cys Ser Ala Val Phe Val lie Gly 
50 55 60 

Val Leu Asp Asn Leu Leu Val Val Leu lie Leu Val Lys Tyr Lys Gly 
65 70 75 80 

Leu Lys Arg Val Glu Asn lie Tyr Leu Leu Asn Leu Ala Val Ser Asn 
85 90 95 

Leu Cys Phe Leu Leu Thr Leu Pro Phe Trp Ala His Ala Gly Gly Asp 
100 105 110 

Pro Met Cys Lys lie Leu lie Gly Leu Tyr Phe Val Gly Leu Tyr Ser 
115 120 125 

Glu Thr Phe Phe Asn Cys Leu Leu Thr Val Gin Arg Tyr Leu Val Phe 
130 135 140 

Leu His Lys Gly Asn Phe Phe Ser Ala Arg Arg Arg Val Pro Cys Gly 
145 150 155 160 

He He Thr Ser Val Leu Ala Trp Val Thr Ala He Leu Ala Thr Leu 
165 170 175 

Pro Glu Tyr Val Val Tyr Lys Pro Gin Met Glu Asp Gin Lys Tyr Lys 
180 185 190 
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Cys Ala Phe Ser Arg Thr Pro Phe Leu Pro Ala Asp Glu Thr Phe Trp 
^ 195 200 205 

Lys His Phe Leu Thr Leu Lys Met Asn He Ser Val Leu Val Leu Pro 
210 215 220 

Leu Phe He Phe Thr Phe Leu Tyr Val Gin Met Arg Lys Thr Leu Arg 
225 230 235 240 

Phe Arg Glu Gin Arg Tyr Ser Leu Phe Lys Leu Val Phe Ala He Met 
245 250 255 

Val Val Phe Leu Leu Met Trp Ala Pro Tyr Asn He Ala Phe Phe Leu 
260 265 270 

Ser Thr Phe Lys Glu His Phe Ser Leu Ser Asp Cys Lys Ser Ser Tyr 
275 280 285 

Asn Leu Asp Lys Ser Val His He Thr Lys Leu He Ala Thr Thr His 
290 295 300 

Cys cys He Asn Pro Leu Leu Tyr Ala Phe Leu Asp Gly Thr Phe Ser 
305 310 315 320 

Lys Tyr Leu Cys Arg Cys Phe His Leu Arg Ser Asn Thr Pro Leu Gin 
325 330 335 

Pro Arg Gly Gin Ser Ala Gin Gly Thr Ser Arg Glu Glu Pro Asp His 
340 345 350 

Ser Thr Glu Val 
355 



<210> 3 

<211> 1771 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (328) (1362) 

<400> 3 _ ^_ ^_„„„„„=,M rrnnanrracrcra aacaaCttCC 60 



aaaggtcaca gggaaatcaa aggcggggta cagggccaga gggaggagga 

cggttgcttt cagacgcttc agagatcctc tggaggcctg ggggagcttt tgagtaottt 

atttcagttg gtccctgagc tcggtgagtg gggcgggtag agccaccagg ggaatcaaca 

gtggtttctc gtgcccctca gggtcaggag cagtctgatc aaaaggaggg catccactgt 

coggggccat tcocacagct cccggatgct gggtctggag gctgcgccct tcccctgcag 

gagctcagcc cagtgggcag tctgaag atg gcc aat tac acg ctg gca cca gag 
^ ^ ^ Met Ala Asn Tyr Thr Leu Ala Pro Glu 



120 
180 
240 
300 
354 
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gat gaa tat gat gtc etc ata gaa ggt gaa ctg gag age gat gag gca 402 
Asp Glu Tyr Asp Val Leu lie Glu Gly Glu Leu Glu Ser Asp Glu Ala 
10 15 20 25 

gag caa tgt gac aag tat gac gcc cag gca etc tea gee cag etg gtg 450 
Glu Gin Cys Asp Lys Tyr Asp Ala Gin Ala Leu Ser Ala Gin Leu Val 
30 35 40 

eca tea etc tgc tet get gtg ttt gtg ate ggt gte ctg gac aat etc 498 
Pro Ser Leu Cys Ser Ala Val Phe Val lie Gly Val Leu Asp Asn Leu 
45 50 55 

ctg gtt gtg ctt ate etg gta aaa tat aaa gga etc aaa cgc gtg gaa 546 
Leu Val Val Leu lie Leu Val Lys Tyr Lys Gly Leu Lys Arg Val Glu 
60 65 70 

aat ate tat ctt eta aac ttg gca gtt tet aae ttg tgt ttc ttg ctt 594 
Asn lie Tyr Leu Leu Asn Leu Ala Val Ser Asn Leu Cys Phe Leu Leu 
75 80 85 

ace ctg ccc ttc tgg get cat get ggg gge gat ece atg tgt aaa att 642 
Thr Leu Pro Phe Trp Ala His Ala Gly Gly Asp Pro. Met Cys Lys lie 
90 95 100 105 

etc att gga ctg tac ttc gtg gge etg tae agt gag aca ttt ttc aat 690 
Leu lie Gly Leu Tyr Phe Val Gly Leu Tyr Ser Glu Thr Phe Phe Asn 
110 115 120 

tgc ctt ctg act gtg caa agg tac eta gtg ttt ttg cae aag gge aac 738 
Cys Leu Leu Thr Val Gin Arg Tyr Leu Val Phe Leu His Lys Gly Asn 
125 130 135 

ttt ttc tea gcc agg agg agg gtg ccc tgt gge ate att aca agt gtc 786 
Phe Phe Ser Ala Arg Arg Arg Val Pro Cys Gly lie lie Thr Ser Val 
140 145 150 

ctg gca tgg gta aca gcc att ctg gcc act ttg cet gaa tac gtg gtt 834 
Leu Ala Trp Val Thr Ala lie Leu Ala Thr Leu Pro Glu Tyr Val Val 
155 160 165 

tat aaa cet cag atg gaa gac cag aaa tac aag tgt gca ttt age aga 882 
Tyr Lys Pro Gin Met Glu Asp Gin Lys Tyr Lys Cys Ala Phe Ser Arg 
170 175 180 185 

act ccc ttc ctg cca get gat gag aca ttc tgg aag cat ttt ctg act 930 
Thr Pro Phe Leu Pro Ala Asp Glu Thr Phe Trp Lys His Phe Leu Thr 
190 195 200 

tta aaa atg aac att teg gtt ctt gtc etc ccc eta ttt att ttt aca 978 
Leu Lys Met Asn lie Ser Val Leu Val Leu Pro Leu Phe lie Phe Thr 
205 210 215 

ttt etc tat gtg caa atg aga aaa aca eta agg ttc agg gag cag agg 1026 
Phe Leu Tyr Val Gin Met Arg Lys Thr Leu Arg Phe Arg Glu Gin Arg 
220 225 230 

tat age ctt ttc aag ctt gtt ttt gcc ata atg gta gtc ttc ctt ctg 1074 
Tyr Ser Leu Phe Lys Leu Val Phe Ala lie Met Val Val Phe Leu Leu ' 
235 240 245 
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atg tgg gcg ccc tac aat att gca ttt ttc ctg tec act ttc aaa gaa 1122 
Met Trp Ala Pro Tyr Asn lie Ala Phe Phe Leu Ser Thr Phe Lys Glu 
250 255 260 265 

cac ttc tec ctg agt gac tgc aag age age tac aat ctg gac aaa agt 1170 
His Phe Ser Leu Ser Asp Cys Lys Ser Ser Tyr Asn Leu Asp Lys Ser 
270 275 iQO 

gtt cac ate act aaa etc ate gcc acc acc cac tgc tgc ate aac cct 1218 
Val His lie Thr Lys Leu lie Ala Thr Thr His Cys Cys He Asn Pro 
285 290 295 

etc ctg tat gcg ttt ett gat ggg aca ttt age aaa tac etc tgc cgc 1266 
Leu Leu Tyr Ala Phe Leu Asp Gly Thr Phe Ser Lys Tyr Leu Cys Arg 
300 305 310 

tgt ttc eat ctg egt agt aac acc cca ett caa ccc agg ggg cag tet 1314 
Cys Phe His Leu Arg Ser Asn Thr Pro Leu Gin Pro Arg Gly Gin Ser 
315 320 325 

gca caa ggc aca teg agg gaa gaa cct gac cat tec acc gaa gtg taa 1362 
Ala Gin Gly Thr Ser Arg Glu Glu Pro Asp His Ser Thr Glu Val 
330 335 340 



actagcatec 


aceaaatgea 


agaagaataa 


aeatggattt 


tcatctttct 


gcattatttc 


1422 


atgtaaattt 


tetaeacatt 


tgtatacaaa 


ateggataca 


ggaagaaaag 


ggagaggtga 


1482 


gctaacattt 


gctaagcact 


gaatttgtct 


caggcaccgt 


gcaaggctct 


ttacaaacgt 


1542 


gagctccttc 


gcctcctacc 


acttgtccat 


agtgtggata 


ggactagtct 


caattctctg 


1602 


agaagaaaac 


taaggcgcgg 


aaatttgtct 


aagatcacat 


aactaggaag. 


tggcagaact 


1662 


gattctccag 


ccctggtagc 


atttgetcag 


agcctacgct 


tggtccagaa 


catcaaactc 


1722 


caaaccctgg 


ggacaaacga 


catgaaataa 


atgtatttta 


aaacatcta 




1771 



<210> 4 

<211> 344 

<212> PRT 

<213> Homo sapiens 

<400> 4 

Met Ala Asn Tyr Thr Leu Ala Pro Glu Asp Glu Tyr Asp Val Leu He 
15 10 15 

Glu Gly Glu Leu Glu Ser Asp Glu Ala Glu Gin Cys Asp Lys Tyr Asp 
20 25 30 

Ala Gin Ala Leu Ser Ala Gin Leu Val Pro Ser Leu Cys Ser Ala Val 
35 40 45 

Phe Val He Gly Val Leu Asp Asn Leu Leu Val Val Leu He Leu Val 
50 55 60 
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Lys Tyr Lys Gly Leu Lys Arg Val Glu Asn lie Tyr Leu Leu Asn Leu 
65 70 75 80 

Ala Val Ser Asn Leu Cys Phe Leu Leu Thr Leu Pro Phe Trp Ala His 
85 90 95 

Ala Gly Gly Asp Pro Met Cys Lys lie Leu lie Gly Leu Tyr Phe Val 
100 105 110 

Gly Leu Tyr Ser Glu Thr Phe Phe Asn Cys Leu Leu Thr Val Gin Arg 
115 120 125 

Tyr Leu Val Phe Leu His Lys Gly Asn Phe Phe Ser Ala Arg Arg Arg 
130 135 140 

Val Pro Cys Gly lie lie Thr Ser Val Leu Ala Trp Val Thr Ala lie 
145 150 155 160 

Leu Ala Thr Leu Pro Glu Tyr Val Val Tyr Lys Pro Gin Met Glu Asp 
165 170 175 

Gin Lys Tyr Lys Cys Ala Phe Ser Arg Thr Pro Phe Leu Pro Ala Asp 
180 . 185 190 

Glu Thr Phe Trp Lys His Phe Leu Thr Leu Lys Met Asn lie Ser Val 
195 200 205 

Leu Val Leu Pro Leu Phe lie Phe Thr Phe Leu Tyr Val Gin Met Arg 
210 215 220 

Lys Thr Leu Arg Phe Arg Glu Gin Arg Tyr Ser Leu Phe Lys Leu Val 
225 230 235 240 

Phe Ala lie Met Val Val Phe Leu Leu Met Trp Ala Pro Tyr Asn lie 
245 250 255 

Ala Phe Phe Leu Ser Thr Phe Lys Glu His Phe Ser Leu Ser Asp Cys 
260 265 270 

Lys Ser Ser Tyr Asn Leu Asp Lys Ser Val His lie Thr Lys Leu lie 
275 280 285 

Ala Thr Thr His Cys Cys lie Asn Pro Leu Leu Tyr Ala Phe Leu Asp 
290 295 300 

Gly Thr Phe Ser Lys Tyr Leu Cys Arg Cys Phe His Leu Arg Ser Asn 
305 310 315 320 

Thr Pro Leu Gin Pro Arg Gly Gin Ser Ala Gin Gly Thr Ser Arg Glu 
325 330 335 

Glu Pro Asp His Ser Thr Glu Val 
340 

<210> 5 

<211> 793 

<212> DNA 

<213> Homo sapiens 
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<220> 

<221> CDS 

<222> (61).. (330) 

Iggagttgtg agtttccaag ccccagctca ctotgaccac ttctctgcct gcccagcatc 60 

atg aag ggc ctt gca get gcc etc ctt gtc etc gto tgc ace atg gee 
Se? Lvs lly Leu Ala Ala Ala Leu Leu -Val Leu Val Cys Thr Met Ala 
1 5 10 15 

etc tgc tec tgt gca caa gtt ggt ace aac aaa gag etc tgc tge etc 
Leu els Ser Cys Ala Gin Val Gly Thr Asn Lys Glu Leu Cys Cys Leu 
20 .25 30 

gtc tat ace tee tgg cag att cca caa aag ttc ata gtt gac tat tct 
Val Tyr Thr Ser Trp Gin lie Pro Gin Lys Phe lie Val Asp Tyr Ser 
35 -40 45 

gaa ace age cec cag tgc ece aag cca ggt gtc ate etc eta aco aag 
llu Thr Ser Pro Gin Cys Pro Lys Pro Gly Val lie Leu Leu Thr Lys 
50 55 60 

aga ggc egg eag ate tgt get gac cec aat aag aag tgg gtc cag aaa 
Aig Gly Arg Gin He Cys Ala Asp Pro Asn Lys Lys Trp Val Gin Lys 
65 ■'O "^^ 

tac ate age gac etg aag ctg aat gee tga ggggcctgga agctgcgagg 
Tyr He Ser Asp Leu Lys Leu Asn Ala 
85 

gcccagtgaa cttggtgggc ceaggaggga acaggagect gagceagggc aatggccctg 
ccaecctgga ggceaectct tetaagagtc coatctgcta tgcecageca eattaactaa 
ctttaatctt agtttatgca tcatatttea ttttgaaatt gatttctatt gtfcgagctgc 
attatgaaat tagtattttc tetgaeatct catgaeattg tctttateat cctttcccct 
ttcecttcaa etcttegtac atteaatgea tggatoaate agtgtgatta gctttctcag 
cagaeattgt gccatatgta tcaaatgaea aatctttatt gaatggtttt gcteagcaoc 
aecttttaat atattggcag tacttattat ataaaaggta aaccagcatt cteactgtga 
aaaaaaaaaa aaaaaaaaaa aaa 

<210> 6 

<211> 89 

<212> PRT 

<213> Homo sapiens 

<400> 6 

Met Lys Gly Leu Ala Ala Ala Leu Leu Val Leu Val Cys Thr Met Ala 
1 5 . 10 15 



108 

156 

204 

252 

300 

350 

410 
470 
530 
590 
650 
710 
770 
793 
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Leu Cys Ser Cys Ala Gin Val Gly Thr Asn Lys Glu Leu Cys Cys Leu 
20 25 ' 30 

Val Tyr Thr Ser Trp Gin lie Pro Gin Lys Phe lie Val Asp Tyr Ser 
35 40 45 

Glu Thr Ser Pro Gin Cys Pro Lys Pro Gly Val lie Leu Leu Thr Lys 
50 55 60 

Arg Gly Arg Gin lie Cys Ala Asp Pro Asn Lys Lys Trp Val Gin Lys 
65 70 75 80 

Tyr lie Ser Asp Leu Lys Leu Asn Ala 
85 
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CLAIMS 

1. A meliiod of detecting an agent that modulates liie activity of CCRL2, 

the metiiod comprising: 

(a) contacting a CCRL2 polypeptide with a maciophage inflammatoty 
protein-4 (MIP-4) polypeptide in the presence of a candidate agent under conditions. 
wWch in the absence of the test agent, permit the binding of the MIP-4 polypeptide 

to the CCRL2 polypeptide; and 

(b) determiningwhetherlhecandidatsagentiscapableofmodulatingliie 

interaction between said CCRL2 polypeptide and said MIP-4 polypeptide. 

2. A method according to claim 1, wherein the MIP-4 polypeptide is a 

polypeptide comprising: 

(a) the sequence shown in SEQ ID NO: 6; or 

(b) a sequence which is at least 50% identical to SEQ ID NO: 6 and 
wWch binds to and activates a signalling activity of CCRL2; 

or is a fragment of SEQ ID NO: 6 which binds to and activates a signalling activity 

ofCCRL2. 

3. A method according to claim 1 or 2, wherein the CCRL2 polypeptide 

is a polypeptide comprising: 

(a) the sequence shown in SEQ ID NO: 2 or 4; 

(b) a sequence which is at least 80% identical to SEQ ID NO: 2 or 4 over 
its entire length and ftmctionally equivalent to CCKL2. 

(c) a fiagment of SEQ ID NO: 2 or 4 which is functionally equivalentto 

CCRL2. 

4. A method according to any one of the preceding claims, wherein tiie 
candidate agent is a polypeptide, an antibody or antigen-binding ftagment fliereoft a 
Upid, a caibohydrate, a nucleic acid or a chemical compound. 

5. A method according to any one of the preceding claims, wherein step 
(b) comprises monitoring binding of the CCRL2 polypeptide to the MIP-4 
polypeptide. 

6. A method according to claim 5, wherein the binding of flie CCRL2 
polypeptide to the MIP-4 polypeptide is monitored using label displacement, suifece 
plasmon resonance, fluorescence resonance energy transfer, fluorescence quenching 
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or fluorescence polarization. 

7. A method according to any one of the preceding claims, wlierein the 
MIP-4 polypeptide is detectably labelled. 

8. A method according to claim 7, wherein the MIP-4 polypeptide is 
detectably labelled with a moiety is a radioisotope, a fluorophore, a quencher of 
fluorescence, an enzyme, an affinity tag or an epitope tag. 

9. A method according to any one of claims 1 to 4, wherein step (b) 
comprises monitoring the signalling activity of the CCRL2 polypeptide. 

10. A method according to claim 9, wherein the signalling activity is 
monitored by measurement of guanosine nucleotide binding, GTPase activity, 
adenylate cyclase activity, cyclic adenosine monophosphate (cAMP), Protein Kinase 
C activity, phosphatidylinositol breakdown, diacylglycerol, inositol triphosphate, 
intracellular calcium, MAP kinase activity or r^orter gene expression. 

11. A method according to claim 1 0, wherein the signalling activity is 
monitored by measuring the activity of Gi3 . 

12. A method according to any one of claims 1 to 4, wherein step (b) 
comprises monitoring the chemotactic activity of the CCRL2 polypeptide. 

13. A method according to any one of the preceding claims, wherein the 
CCRL2 polypeptide is expressed on a cell. 

14. A method according to claim 13, wherein the cell is a yeast cell. 

15. A method according to claim 14, wherein the yeast cell comprises a G 
protein in which at least 5 amino acids at the carboxy terminal of a yeast G subunit 
have been replaced with the corresponding residues from a non-yeast G protein. 

16. A method according to claim 1 5, wherein the non-yeast G-protein is 

Gi3. 

17. A method according to any one of claims 1 to 1 1, wherein the CCRL2 
polypeptide is present: 

(a) in or on synthetic liposomes; 

(b) in or on virus-induced budding membranes; 

(c) in or on an artificial lipid bilayer; or 

(c) in a membrane fraction from cells expressing the CCRL2 
polypeptide. 
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18. An agent detected by a method according to any one of Ihe preceding 
claims. 

19. ■ A method of modulating the activity of a CCRL2 polypeptide in a 
cell, the method comprising deUvering an agent according to claim 18 to Has cell. 

such that the activity of CCRL2 is modulated. 

20. A method according to claim 19, wherein liie cell is mv/<r6. 

21 . A phaimaceutical composition comprising an agwit according to 
claim 18 and a pharmaceutically acceptable carrier or diluent 

22. A method for treating an inflammatory disease or disorder, a disease 
or disorder associated with enhanced macophage activity or an infection, flie method 
comprising administering a therapeutically effective amount of an agent according to 
claim 18 or a pharmaceutical composition according to claun 21 to an individual in 
need thereof. 

23. A method according to claim 22, wherein the inflammatory disease or 
disorder is chronic obstructive pulmonary disease (COPD), brdnchitis. emphysema,, 
an inflammatory bone disorder, psoriasis, inflammatory bowel disease, an 
mflammatory brain disorder, atherosclerosis, endometriosis, autoimmune deficiency 
syndrome (AIDS), lupus erythematosus, allograft rejection or allergic inflammation, 
or wherein the disease or disorder associated with enhanced macrophage activity is 
obesity, obesity-related insulin resistance, autoimmune disease or contact 
hypersensitivity. 

24. An agent according to claim 1 8 or a pharinaceutical composition 
according to claim 21 for use in a method of treatment of a human or animal body by 
therapy. 

25. Use of an agent according to claim 1 8 in the manufacture of a 
medicament for the treatment of an inflammatory disease or disorder, where fee 
disease or disorder is obesity, obesity-related insuUn resistance, autoimmune disease 
or contact hyposensitivity or the treatment of an infection. 

26. A use according to claim 25, wherein the inflammatory disease or 
disorder is chronic obstructive puhnonaiy disease (COPD). bronchitis, emphysema, 
an inflammatory bone disorder, psoriasis, inflammatory bowel disease, an 
inflammatory brain disorder, atherosclerosis, endometriosis, autoimmune deficiency 
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syndrome (AIDS), lupus erythematosus, allograft rejection or allergic inflammation, 
or wherein the disease or disorder associated with enhanced macrophage activity is 
obesity, obesity-related insulin resistance, autoimmune disease or contact 
hypersensitivity. 

5 27. A method of activating a CCRL2 signalling pathway in a cell, the 

method comprising delivering, to the cell, a polypeptide comprising: 

(a) the MIP-4 sequence shown in SEQ ID NO: 6; or 

(b) a sequence at least 50% identical to SEQ ID NO: 6 and which binds to 
and activates a signalling activity of CCRL2; or 

10 (c) a fragment of SEQ ID NO: 6 which binds to and activates a signalling 

activity of CCRL2. 

28. A method according to claim 27, wherein the cell is in vitro. 

29. Use of a polypeptide comprising: 

(a) the MIP-4 sequence shown in SEQ ID NO: 6; or 

15 (b) a sequence at least 50% identical to SEQ ID NO: 6 and which binds to 

and activates a signalling activity of CCRL2; or 

(c) a fragment of SEQ ID NO: 6 which binds to and activates a signalling 
activity of CCRL2, a polynucleotide encoding said polypeptide, or an antibody 
which binds to said polypeptide for the manufacture of a medicament for treating a 

20 CCRL2-related disease or disorder. 

30. A use according to claim 29, wherein the CCRL2-related disease or 
disorder is inflammatory bowel disease, endometriosis, atherosclerosis or an 
inflammatory brain disorder. 

3 1 . Use of a polypeptide comprising: 

25 (a) the CCRL2 sequence shown in SEQ ID NO: 2 or 4; 

(b) a sequence which is at least 80% identical to SEQ ID NO: 2 or 4 over 
its entire length and is functionally equivalent to CCRL2; or 

(c) a fragment of SEQ ID NO: 2 or 4 which is functionally equivalent to 
CCRL2, a polynucleotide encoding said polypeptide, or an antibody which binds to 

30 said polypeptide for the manufacture of a medicament for treating a MIP-4-related 
disease or disorder. 

32. A use according to claim 3 1 , wherein the MIP-4-related disease or 
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disorder is allergic inflammatioiL 

33. A method of diagnosing a CCRL2-related disease or disorder in an 
individual, the method comprising: 

(a) canying out an amplification reaction on a sample isolated from the 

5 individual using primers specific for a polynucleotide encoding a MIP-4 polypeptide; 
and 

(b) determining the presence or absence of a polynucleotide encoding a 
MIP-4 polypeptide in the sample and thereby detacmining the presence of a CCRL2- 
related disease or disorder in the individual. 

10 34« A method according to claim 33, further comprising comparing the 

amount of the amplified polynucleotide encoding a MIP-4 polypeptide produced in 
step (a) with a standard, wherein a difference in the amount relative to the standard is 
indicative of the presence of a CCRL2-related disease or disorder in the individual. 
35. A method of diagnosing a CCRL2-related disease or disorder in an 

15 individtxal, the method comprising: 

(a) amplifying a polynucleotide encoding a MIP-4 polypeptide, using a 
nucldc acid isolated from the individual as a template; and 

(b) determining whe&er the polynucleotide comprises a polymoiphism 
associated with a CCKL2-related disease or disorder. 

20 36. A method according to claim 31, wherein step (b) comprises: 

(a) inputting MIP-4 sequence data from the individual to a computer 
systmi; 

(b) comparing said sequence data to a computer database, which database 
comprises infomiation relating MIP-4 sequence data to a CCRL2-related disease or 

25 disorder, and 

(c) determining on the basis of said comparison whether the MIP-4 
polynucleotide comprises a polymorphism associated with a CCRL2-related disease 
or disorder. 

37. A method of diagnosing a CCRL2-related disease or disorder in an 
30 individual, the method comprising: 
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(a) contacting a sample isolated from the individual comprising a CX:RL2 
polypeptide with a MIP-4 polypeptide under conditions which permit the binding of 
the MIP-4 polypeptide to the CCRL2 polypeptide; 

(b) measuring the activity of the CCRL2 polypeptide; and 

(c) comparing the activity of the CCRL2 polypeptide with a standard, 
wherem a difference in the activity relative to the standard is indicative of flie 
presence of a CCRL2-related disease or disorder in the individual. 

38. A method according to claim 37, wherein step (b) comprises 
monitoring: 

(i) the signalling activity of the CCRL2 polypeptide; or 

(ii) the chemotactic activity of the CCRL2 polypeptide. 

39. A method according to any one of claims 33 to 38, wherein the MIP-4 
polypeptide is a polypeptide comprising: 

(a) tiie sequence shown in SEQ ID NO: 6; or 

(b) a sequence at least 50% identical to SEQ ID NO: 6 and which binds to 
and activates a signalling activity of CCRL2; or 

(c) a fragment of SEQ ID NO: 6 which binds to and activates a signalling 
activity of CCRL2. 

40. A method according to any one of claims 33 to 3 8 wherein the 
CCRL2-related disease or disorder is inflammatory bowel disease, endometriosis, 
atherosclerosis or an inflammatory brain disorder. 

41 . A kit for detecting an agent that modulates the activity of CCRL2, the 
kit comprising: (i) a MIP-4 polypeptide; and (ii) a CCRL2 polypeptide or a 
polynucleotide encoding a CCRL2 polypeptide, 

42. A kit according to claim 41 , which comprises a cell transformed with 
a polynucleotide encoding a CCRL2 polypeptide. 

43. A kit according to claim 41, wherein the CCRL2 polypeptide is 
present in a cell membrane fraction, a synthetic liposome or a vims-induced budding 
membrane. 

44. A kit according to any one of claims 41 to 43, wherein the MIP-4 
polypeptide is a polypeptide comprising: 

(a) the sequence shown in SEQ ID NO: 6; or 
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(b) a sequence at least 50% identical to SEQ ID NO: 6 and which binds to 
and activates a signalling activity of CCRL2; or 

(c) a ftagment of SEQ ID NO: 6 which binds to and activates a 
signalling activity of CCKL2. 
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ABSTRACT 
LIGANDS 

5 A method of detecting an agent that modulates the activity of CCRL2, the 

method comprising: 

(a) contacting a CCRL2 polypeptide with a macrophage inflammatory 
protein-4 (MIP-4) polypeptide in the presence of a candidate agent under conditions, 
which in the absence of the test agent, permit the binding of the MIP-4 polypeptide 

10 to the CCRL2 polypeptide; and 

(b) determining whether tiie candidate agent is capable of modulating the 
interaction between said CCRL2 polypeptide and said MIP-4 polypeptide. 
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